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The thesis comprises of six chapters. The first chapter (Introduction) starts with 
a summary on the geocycle that depicts the different phases of interaction leading 
ultimately to the consumption of metal ions by living beings. This is followed by a 
discussion on the sources, biochemical mechanism and the effects of toxicity of heavy 
metals before dwelling in length about the significance and methodology of solid phase 
extraction. It gives an accopW pf the different types of sorbent employed as metal 
extractors and discusses the var|8ilsiy|jU5o|)^ bJ9,pheij^ omena involved in the retention of the 
metals ions on to the sorbent. This chapter also gives a brief account on the methodology 
of analytical instrumental techniques employed during the work. It concludes with a brief 
discussion on statistical treatment of analytical data. 
The following chapter (Experimental) takes into account the different general 
experimental procedures followed during the work. Various details that have been 
covered in this chapter includes vendor information of the analytical instruments and 
reagents employed during the works, the procedures followed for synthesizing different 
sorbents and methods employed for sample digestions. This chapter concludes with a 
brief account on the procedures followed during method validation. 
The rest of the chapters comprise of a brief introduction followed by the results 
and discussion for each of the following works. One of the four chelating solid matrices 
has been prepared by simply impregnating PAN (1, 2-Pyridylazo- napthol) on Amberlite 
XAD-4 via surface adsorption while the other three were prepared by Immobilizing PAN, 
phthalic acid and p- hydroxybenzoic acid via azo(-N=N-) spacer after nitration, reduction 
(of NO2 group) and diazotization (of NH3 group). All the three chemically modified 
resins were characterized by elemental analysis, TGA and FTIR spectroscopy. FTIR 
studies of these resins confirmed the incorporation of azo group besides the appearance 
of the characteristic bands of the ligands immobilized. TGA studies indicated the 
presence of at least 1.0 molecule of water per repeat unit of polymer. All the four resins 
have been used for preconcentration of metal ions such as Cd(II), Co(II), Cu(II), Ni(ll), 
Pb(II), Mn(II), Cr(III) and Zn(II). The effects of foreign species, namely NaCl, NaNOs, 
Na2S04,Na3P04, KCl, Sodium citrate, Na2C204. CHsCOONa, CaCl2, MgCb, NaK tartrate, 
humic acid and fiiivic acid, that usually coexist in water and biological samples, on the 
efficiency of the Amberlite XAD-4-modified resins for preconcentration of the above 
mentioned metal ions, were studied and their tolerance limits, for each sorbent, were 
determined. 
Surface modified AmberIite-XAD-4 with PAN 
All the metal ions studied exhibited higher sorption capacity in the pH range 8.5-9.5. 
From the kinetics of sorption for each metal, it was observed that 60 min was enough for 
the sorbent to reach the saturation level for all the metals. High preconcentration factor of 
160-400 up to a low preconcentration limit of 10 ^g L'' has been achieved for almost all 
the metals. The chelating resin was highly selective even in the presence of large 
concentrations of alkali and alkaline earth metals and various matrix components. 
Chromatographic separation of metal ions in binary mixtures has been accomplished. The 
analytical utility of the resin for metal ions was explored by analyzing natural waters and 
standard reference materials. 
Chemically modified Amberiite-XAD-4 with PAN 
Elemental analysis of PAN-AXAD-4 gave C 69.50%, H 4.79%, and N 17.59% which 
are in agreement with calculated values for C23H17N5OH2O as %C 69.52, %H 4.78 and 
%N 17.63. The hydrogen ion capacity (±standard deviation, n=3) due to the hydroxyl 
group was found to be 2.55 (±0.03) mmol g~' which further supports the amount of PAN 
incorporated. The overall hydrogen ion capacity of 3.96 (±0.11) mmol g"' of resin may 
include the contribution of the pyridinic nitrogen and azo- nitrogen besides the hydroxyl 
group of PAN. In thermo gravimetric analysis of PAN-AXAD-4, the synthesized resin 
was found to retain 98% of the metal ion capacity up to 200 °C. The sorption capacity of 
the resin starts decreasing after 200 °C which may be due to the loss of PAN moiety 
which is responsible for the retention of metal ions. The water regain capacity was found 
to be 11.50 (±0.34) mmol g"'. This value reflects the high hydrophilicity of the resin 
which is satisfactory for column operation. Preliminary experiments showed that the 
maximum sorption of Zn(II), Co(II), Ni(II), Cu(II) and Pb(II), was observed in the pH 
range 8.0-9.2±0.01. The sorption capacity was found to be 285, 145,135, 85 and 76 ^mol 
g"' for Zn(II), Co(II), Ni(II), Cu(II) and Pb(II) respectively. Kinetics was studied at 
different temperatures and the corresponding rate constants were also determined. All the 
metals could be eluted with 5 mL of HNO3 resulting in high preconcentration factor of 
300 to 500. The detection limits, evaluated as three times the standard deviation (s) of the 
blank signal, were found to be 0.65, 0.80, 0.85, 0.95, 1.40 i^g L ' for Zn(II), Co(ll), 
Ni(II), Cu(II) and Pb(II), respectively. The validity of the method was checked by 
analyzing standard reference materials and performing recovery studies. The analytical 
utility of the PAN-AXAD-4 for preconcentration and determination of metal ions was 
explored by analyzing river, canal, sewage, tap water, multivitamin formulation and 
infant milk substitute by direct as well as standard addition method. 
Chemically modified Amberlite-XAD-4 with phthalic acid 
The elemental analyses of the dried beads of AXAD-4-PTA gave 61.20%, 4.55% and 
8.05% for C, H and N, respectively Thermal analysis indicated that the synthesized resin 
was stable up to 200 °C, above which degradation commences. Its water regain value and 
hydrogen ion capacity were found to be 12.50 and 5.75 mmol g ' respectively. Both batch 
and column methods were employed to study the sorption behavior for the metal ions 
which were subsequently determined by flame atomic absorption spectrophotometry. The 
optimum pH range for the maximum sorption of Ni(II),Mn(II), Cu(ll), Zn(II), Cd(ll), 
Cr(III) and Co(II) was observed at pH 5.5-8.0. The half-loading time, Un, are 9, 5, 9, 9.5, 
3, 9 and 5 min, respectively. Comparison of breakthrough and overall capacities of the 
metals ascertains the high degree of column utilization (>75%). The breakthrough 
capacities for Ni(II),Mn(II), Cu(II), Zn(II), Cd(II), Cr(III) and Co(II) were found to be 
255, 225, 210, 175, 150, 110 and 75 (imol g'' with the corresponding preconcentration 
factor of 340, 340, 340, 340, 300, 260 and 260, respectively. The limit of 
preconcentration was in the range of 5.5-7.7 \ig L'\ The detection limits were found to 
be 0.62, 0.60, 0.65, 0.75, 0.72, 0.84 and 0.85 ^g U' respectively. The Student's t (r-test) 
values for the analysis of standard reference materials were found to be less than the 
critical Student's /-values at 95% confidence level. It has also been applied to the analysis 
of multivitamin formulations, infant food substitutes, hydrogenated oil and fishes. 
Chemically modified Amberlite-XAD-4 with p-hydroxybenzoic acid 
The results of elemental analyses of the dried beads of AXAD-4-HBA (C, 62.96%; H, 
4.86%; N, 9.82% agree with the values calculated by presuming the stoichiometry of its 
repeat unit to be CisHuNzOa-HaO (calculated: C, 62.94%; H, 4.89%; N, 9.79%. Thermal 
analysis indicated that the synthesized resin was stable up to 200 "C, above which 
degradation commences. Its water regain value and hydrogen ion capacity were found to 
be 15.80 and 7.52 mmol g ' respectively. Both batch and column methods were employed 
to study the sorption behavior for the metal ions which were subsequently determined by 
flame atomic absorption spectrophotometry. The optimum pH range for Co(II), Ni(II), 
Cu(II), Zn(II), Pb(II) ions were 10.0, 8.0-9.0, 7.0, 7.0-8.0 and 7.0-8.0 respectively. The 
half-loading time, Ua, are 6.0, 8.0, 8.0, 8.0 and 4.0 min, respectively. Comparison of 
breakthrough and overall capacities of the metals ascertains the high degree of column 
utilization (>75%). The breakthrough capacities for Co(II), Ni(II), Cu(II), Zn(II), and 
Pb(II) ions were found to be 0.46, 0.43, 0.42, 0.09 and 0.06 mmol g ' with the 
corresponding preconcentration factor of 460, 460, 460, 360 and 260, respectively. The 
limit of preconcentration was in the range of 4.3-7.6 ng L"'. The detection limit for 
Co(II), Ni(II), Cu(II), Zn(II) and Pb(II) were found to be 0.47, 0.45, 0.50, 0.80, 1.37 ^g 
L'' respectively. The Student's t (/-test) values for the analysis of standard reference 
materials were found to be less than the critical Student's / values at 95% confidence 
level. The AXAD-4-HBA has been successfully applied for the analysis of natural water, 
multivitamin formulation, infant milk substitute, hydrogeriated oil and fish. 
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Chapter 1 
Introduction 
1.1 Role of geocy l^e in the introduction of metals into our environment 
The Earth is made up of three reservoirs: the solid Earth or geosphere, the 
liquid layer or hydrosphere, and the gaseous envelope or atmosphere. Living 
organisms (the biosphere) inhabit the Earth environment, interacting with its 
component parts. There is a continuous exchange of matter and energy among the 
geosphere, hydrosphere and atmosphere. The nature of these reservoirs and the 
processes involved in transferring energy and matter between them combine to create 
an environment that is capable of sustaining life in its many forms, a situation unique 
in our solar system. Metals in the environment may be present in the different states 
as solid, liquid or gaseous state or in varying forms as individual elements, organic 
and inorganic compounds. The movement of metals between environmental reservoirs 
may or may not involve changes of state. The geosphere is the original source of 
metals which may be present in minerals, glasses, and melts. Water leaches soluble 
constituents from mineral matter and carries them to ocean. In the hydrosphere, 
metals occur as dissolved ions and complexes, colloids, and suspended solids [1-3]. In 
the atmosphere, metals may be present as gaseous elements and compounds and as 
particulates and aerosols. Gaseous and particulate metals may be inhaled and solid 
and liquid (aqueous-phase) metals may be ingested or absorbed, thereby entering the 
biosphere. Figure 1.1 shows how the segment of the biosphere occupied by humans 
interacts wdth the environment. 
Figure 1.1 Interaction of human with the environment 
1.2 Toxic metals in the environment 
With growing industrialization and urbanization, diversified uses of metals in 
varied forms have become significant source of pollution resulting in environmental 
deterioration. Metals released from these sources directly enter into the various water 
resources. Environmental exposure to metal ions can result from the drinking of 
polluted water and ingestion of fish, basic foodstuffs specially grains, cereals, and 
leafy vegetables, which readily absorb metals occurring naturally or in soil 
contaminated by sewage sludge, fertilizers, and polluted ground water. Occupational 
exposure also takes place in the vicinity of industries. Metals constitute a major 
category of persistent, bioaccumulative and toxic (PBT) chemicals that are not easily 
metabolized, and may accumulate in human or ecological food-chains through 
consumption. A PBT chemical, once released to the enviroimient, may present 
increasing long-term toxic effects to public health even if the release was of a small 
amount and pose a significant threat to public health through occupational as well as 
environmental exposures [4-9]. Some metals are essential to normal metabolic 
fimction of our life as trace elements but are toxic at high level of exposure. The 
indication of their importance relative to other potential hazards is their ranking by the 
U.S. Agency for Toxic Substances and Disease Registry, which lists all hazards 
present in the toxic waste sites according to their prevalence and severity of their 
toxicity. The first, second, third and sixth hazards on the list are heavy metals: lead, 
mercury, arsenic and cadmium, respectively [10]. The other metal ions that pose 




The cadmium that industry uses is extracted during the production of other 
metals like zinc, lead, and copper. In industry and consumer products, it is used for 
batteries (Ni-Cd batteries), pigments, metal coatings and plastics [11]. A constituent 
of easily fiisible alloys, soft solder and solder for aluminum; used in electroplating 
and as deoxidizer in nickel plating; in electrodes for cadmium vapor lamps, 
photoelectric cells, filaments for incandescent lights. The powder is also used in 
dentistry, as an amalgam (1 Cd: 4 Hg). 
Biochemical mechanism of toxicity and their effects 
Cadmium is an element with no known biological function and is one of the 
most serious environmental pollutants. The International Agency for Research on 
Cancer classified cadmium as a human carcinogen [12]. Cadmium toxicity may 
represent a new mechanism by which genomes can be destabilized reported by 
Gordenin and coworkers recently [13]. The toxicity of cadmium may involve its 
binding to key cellular sulfhydryl groups, its competition with other metals (zinc and 
selenium) for inclusion in metaloenzymes, and its competition with calcium for 
binding sites on regulatory proteins such as calmodulin. The lack of an effective 
elimination pathway is responsible for cadmium's biologic half-life of 10-30 years. 
Chronic effects of cadmium exposure are dose-dependent and include anosmia, 
yellowing of teeth, emphysema, minor changes in liver ftinction, microcytic 
hypochromic anemia unresponsive to iron therapy, renal tubular dysfunction 
characterized by proteinuria and increased excretion of p2-niicroglobulin and (with 
prolonged poisoning) osteomalacia leading to bone lesions and pseudo fractures [10]. 
1.2.2 Chromium 
Anthropogenic sources 
Chromium is used in manufacturing chrome-steel or chrome-nickel-steel 
alloys (stainless steel) and other alloys, bricks in furnaces, and dyes and pigments, for 
greatly increasing resistance and durability of metals and chrome plating, leather 
tanning, and wood preserving. Manufacturing, disposal of products or chemicals 
containing chromium, or fossil fuel burning release chromium to the air, soil and 
water [7]. Handling or breathing sawdust from chromium treated wood. 
Biochemical mechanism of toxicity and their effects 
Cr (III) is labile and kinetically very slow to react or form complexes. It is not 
a strong oxidiser and the human's natural body acidity is enough to keep Chromium to 
+3 oxidation state. The toxicity associated with chromium (VI) is mainly due to the 
generation of reactive oxygen species (ROS) with subsequent oxidative deterioration 
of biological macromolecules. Chromium can generate free radicals (FR) directly 
from molecular oxygen in a two step process to produce superoxide anion and in 
continued process, produce highly toxic hydroxyl radical. The pro-oxidative effects 
are compounded by fact that they also inhibit antioxidant enzymes and deplete 
intracellular glutathione [14]. One of the reduction products of Cr (VI) is Cr (V). 
Chrome (V) is a known carcinogen [15] and will lodge in any tissue to form cancerous 
growths. During the passage out, Cr (VI) will continue to oxidise anything it can, 
leaving deposits of the relatively safe Cr (III) and completely unsafe Cr (V) behind. 
Acute toxic effects occur when breathing very high levels of chromium (VI) in air that 
can damage and irritate your nose, lungs, stomach, and intestines. People who are 
allergic to chromium may also have asthma attacks after breathing high levels of 
either chromium (VI) or (III). Long term exposures to high or moderate levels of 
chromium (VI) cause damage to the nose (bleeding, itching, sores) and lungs and can 
increase your risk of non-cancer lung diseases. Ingesting very large amounts of 
chromium can cause stomach upsets and ulcers, convulsions, kidney and liver 
damage, and even death. Skin contact with liquids or solids containing chromium (VI) 
may lead to skin ulcers [4-6]. 
1.2.3 Cobalt 
Anthropogenic sources 
Cobalt is released from burning coal and oil, and from car and truck exhaust. 
Cobalt enters the environment from natural sources and from the burning of coal and 
oil. Cobalt used in industry is imported or obtained by recycling scrap metal that 
contains cobalt. It is used to make alloys (mixtures of metals), colored pigments, and 
as a drier for paint and porcelain enamel used on steel bathroom fixtures, large 
appliances, and kitchen wares. Small amoimts naturally occur in food [7]. Workers 
may be exposed to cobah in industries that process it or make products containing 
cobah [8]. 
Biochemical mechanism of toxicity and their effects 
The pathogenic mechanism is based on the induction by Co of a 
hypersensitive immunoreaction. Cobalt metal particles, when inhaled in association 
with other agents such as metallic carbides (hard metals) or diamond dust, may 
produce an interstitial lung disease termed "hard metal disease" or "cobalt lung". The 
unique toxicity of timgsten carbide/cobalt (WC-Co) particles is due to the production 
of AOS (alpha olefin sulfonate) resulting from the interaction between cobah metal 
and tungsten carbide particles (presumably hydroxyl radicals) [16]. Acute toxicity of 
cobah may be observed as effects on the lungs, including asthma, pneumonia and 
wheezing, that have been found in workers who breathed high levels of cobalt in the 
air. The International Agency for Research on Cancer (lARC, USA) has determined 
that cobalt is a possible carcinogen to humans. Studies in animals have shown that 
cobah causes cancer when placed directly into the muscle or under the skin [4-8]. 
1.2.4 Lead 
Anthropogenic sources 
Most of it came from human activities like mining, manufacturing, and the 
burning of fossil fuels. Lead is used as a construction material for equipment used in 
sulfuric acid manufacture, petrol refining, halogenation, sulfonation, extraction and 
condensation. It is used in storage batteries, alloys, solder, ceramics and plastics. It is 
also used in the manufacture of pigments, tetraethyl lead and other lead compounds, 
in ammunition, and for atomic radiation and x-ray protection. Lead is used in aircraft 
manufacture, building construction materials (alloyed with copper, zinc, magnesium, 
manganese and silicon), insulated cables and wiring, household utensils, laboratory 
equipment, packaging materials, reflectors, paper industry, printing inks, glass 
industry, water purification and waterproofing in the textile industry [17]. 
Biochemical mechanism of toxicity and their effects 
The toxicity of lead is probably related to its affinity for cell membranes and 
mitochondria, as a result of which it interferes with mitochondrial oxidative 
phosphorylation and sodium, potassium, and calcium ATPases. Lead impairs the 
activity of calcium-dependent intracellular messenger and of brain protein kinase C. 
In addition, lead stimulates the formation of inclusion bodies that may translocate the 
metal into cell nuclei and alter gene expression [10]. Lead is the inhibitor of enzymes 
and acts as a toxic substance against enzymes [17]. Lead interferes with the creation 
of haemoglobin by interfering with the enzyme involved in this process; at high level, 
anaemia can occur due to the lack of this oxygen carrying component in blood. In the 
human liver, PbR4 molecules are converted into the more toxic PbRa^  ions, which, 
like methylmercury ion, are neurotoxin because they can cross the blood-brain carrier. 
High lead level also produces kidney dysfunction and cause permanent brain damage. 
Lead affects the red blood cells (anaemia and other effects on the hemopoietic system 
are the commonest effects) and causes damage to organs including the liver, kidneys, 
heart, and male gonads, as well as causes effects to the immune system. It also affects 
peripheral airway function and causes lung fibrosis and emphysema. In the central 




Alloys of nickel (in combination with iron, copper, chromium, and zinc) are 
used in the making of metal coins and jewellry and in industry for making metal 
items. Nickel compounds are also used for nickel plating, to color ceramics, to make 
some batteries, and as catalysts that increase the rate of chemical reactions [18]. 
Major sources of exposure are: tobacco smoke, auto exhaust, fertilizers, 
superphosphate, food processing, hydrogenated-fats-oils, industrial waste, stainless 
steel cookware, testing of nuclear devices, tobacco smoke, baking powder, 
combustion of fuel oil, dental work and bridges. By breathing air or smoking tobacco 
containing nickel. By eating food containing nickel, which is the major source of 
exposure for most people. By drinking water which contains small amounts of nickel. 
By handling coins and touching other metals containing nickel. 
Biochemical mechanism of toxicity and their effects 
Carcinogenic, water-insoluble Ni compounds are phagocytized by cells; and 
the particles undergo dissolution inside the cell, releasing Ni ions that interact with 
chromatin. Nickel produces highly selective damage to heterochromatin. The longest 
contiguous region of heterochromatin in the Chinese hamster genome is found on the 
q arm of the X chromosome, and this region is selectively damaged by Ni. Nickel ions 
have a much higher affinity for proteins and amino acids than for DNA (by five to 
seven orders of magnitude). Therefore, Ni interacted with chromatin because of the 
protein present, not because of its reactivity for DNA [19]. The most common adverse 
health effect of nickel in humans is an allergic reaction. People can become sensitive 
to nickel when things containing it are in direct contact with the skin, when they eat 
nickel in food, drink it in water, or breathe dust containing it. Less frequently, allergic 
people have asthma attacks following exposure to nickel. Lung effects, including 
chronic bronchitis and reduced lung function, have been observed in workers who 
breathed large amounts of nickel. Headache, dizziness, shortness of breath, vomiting, 
and nausea are the initial symptoms of overexposure; the delayed effects (10 to 36 h) 
consist of chest pain, coughing, shortness of breath, bluish discoloration of the skin, 
and in severe cases, delirium, convulsions, and death. [6]. Repeated or prolonged 
exposure to nickel carbonyl has been associated with an increased incidence of cancer 
of the lungs and sinuses. Cancers of the lung and nasal sinus have resulted when 
workers breathed dust containing high levels of nickel compounds while working in 
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nickel refineries or nickel processing plants. Nickel carbonyl is listed by lARC in 
Group 2B ("possible human carcinogen"), is listed by NTP (National Toxicology 
Program) as "reasonably anticipated to be a carcinogen," and is classified as a "select 
carcinogen" under the criteria of the OSHA (Occupational Safety and Health 
Administration) Laboratory Standard [4, 5]. 
1.2.6 Zinc 
Anthropogenic sources 
Zinc has many commercial uses as coating to prevent rust, in dry cell batteries, 
and mixed with other metals to make alloys like brass and bronze. Zinc compounds 
are widely used in industry to make paint, rubber, dye, wood preservatives, and 
ointments [18]. Also used for galvanizing sheet iron; as ingredient of alloys such as 
bronze, brass, Babbitt metal, German silver, and special alloys for die-casting; as a 
protective coating for other metals to prevent corrosion, for electrical apparatus, 
especially dry cell batteries, household utensils, castings, printing plates, building 
materials, railroad car linings, automotive equipment; as reducer (in form of the 
powder) in the manufacture of indigo and other vat dyes, for deoxidizing bronze; 
extracting gold by the cyanide process, purifying fats for soaps; bleaching bone glue; 
manufacture of sodiirai hydrosulfite; as reagent in analytical chemistry, e.g. in the 
Marsh and Gutzeit test for arsenic; as a reducer in the determination of iron. Some 
zinc is released into the environment by natural processes, but most comes from 
activities of people like mining, steel production, coal burning, and burning of waste. 
Biochemical mechanism of toxicity and their effects 
Zinc phosphide, which is used as an active ingredient in rodenticide, reacts 
with water and acid in the stomach to release phosphine gas which in turn causes cell 
toxicity with necrosis of the gastrointestinal tract. Oral zinc increases faecal excretion 
of copper and blocks the absorption of ingested minerals. In this case, a series of 
complex zinc-copper relationship and metabolism resulted in the inhibition of copper 
absorption and increased faecal loss of copper through saliva, gastric juices and 
biliary secretions. Breathing large amounts of zinc (as dust or fiimes) can cause a 
specific short-term disease called metal fume fever. This is believed to be an immune 
response affecting the lungs and body temperature. Inhalation of fumes may result in 
sweet taste, throat dryness, cough, weakness, generalized aching, chills, fever, nausea 
and vomiting. Zinc chloride fumes have caused injury to mucous membranes and pale 
gray cyanosis. Ingestion of soluble salts may cause nausea, vomiting and purging. 
Harmful health effects generally begin at levels from 10-15 times the RDA (in the 100 
to 250 mg/day range). Eating large amounts of zinc, even for a short time, can cause 
stomach cramps, nausea, and vomiting. Taken longer, it can cause anaemia, pancreas 
damage, and lower levels of high-density lipoprotein cholesterol (HDL - the good 
form of cholesterol) [4-6]. 
1.2.7 Manganese 
Anthropogenic sources 
Manganese overload is generally due to industrial pollution. Workers in the 
manganese processing industry are most at risk [7]. Well water rich in manganese can 
be the cause of excessive manganese intake and can increase bacterial growth in 
water. Manganese poisoning has been found among workers in the battery 
manufacturing industry. 
Biochemical mechanism of toxicity and their effects 
Exposure to atmospheric Mn at high concentration is a risk factor in humans 
that can manifest as neuronal degeneration resembling Parkinson's disease (PD). 
Although the underlying mechanism of Mn and dopamine (DA) interaction-induced 
cell death remains unclear, however, Mn exposure alone to mesencephalic cells for 
24h induced minimal apoptotic cell death [20]. Increased manganese intake impairs 
the activity of copper metallo-enzymes. Excess manganese interferes with the 
absorption of dietary iron. Long-term exposure to excess levels may resuU in iron-
deficiency anaemia. High hair manganese levels indicate problems with calcium 
and/or iron metabolism [4-6]. Symptoms of toxicity mimic those of Parkinson's 
disease (tremors, stiff muscles) and excessive manganese intake can cause 
hypertension in patients older than 40 [21]. Symptoms of increased manganese levels 
includes psychiatric illnesses, mental confusion, impaired memory, loss of appetite, 
mask-like facial expression and monotonous voice, spastic gait and neurological 
problems. Manganese toxicity can cause kidney failure, hallucinations, as well as 




Copper is primarily used as a metal or an alloy (e.g., brass, bronze, gun metal). 
Copper sulfate is used as a fungicide, algicide, and nutritional supplement. Copper 
particulates are released into the atmosphere by windblown dust; volcanic eruptions; 
and anthropogenic sources, primarily copper smelters and ore processing facilities. 
Copper particles in the atmosphere will settle out or be removed by precipitation, but 
can be resuspended into the atmosphere in the form of dust [18]. Copper is released 
into waterways by natural weathering of soil and rocks, distwbances of soil, or 
anthropogenic sources (e.g., effluent from sewage treatment plants) [22]. Another 
source of copper is drinking water that remained in copper water pipes, or copper 
added to your water supply. Other sources of copper are copper cookware, dental 
materials, vitamin pills, fungicides and pesticides residues on food, copper intra-
uterine devices and birth control pills. Vegetarian proteins are higher in copper [8]. 
Biochemical mechanism of toxicity and their effects 
Excess copper interferes with zinc, a mineral needed to make digestive 
enzymes [6]. Copper and zinc compete with each other for absorption in the 
gastrointestinal tract. Patients with ulcerative colitis may absorb excess copper in their 
intestinal tissues which can lead to intestinal disorders, impaired healing and reduced 
resistance to infections. Too much copper also impairs thyroid activity and the 
functioning of the liver. If severe enough, a person will become an obligatory 
vegetarian. This means they are no longer able to digest meat very well [4]. Physical 
conditions associated with copper imbalance include arthritis, fatigue, adrenal 
burnout, insomnia, scoliosis, osteoporosis, heart disease, cancer, migraine headaches, 
seizures, fungal and bacterial infections including yeast infection, gum disease, tooth 
decay, skin and hair problems and female organ conditions including uterine fibroids, 
endometriosis and others. Mental and emotional disorders related to copper imbalance 
include spaciness, depression, mood swings, fears, anxiety, phobias, panic attacks, 
violence, autism, schizophrenia, and attention deficit disorder [5]. Copper imbalance 
in children is associated with delayed development, attention deficit disorder, anti-





Environmental sources of arsenic stem from the continuing use of its 
compounds as pesticides, from its unintended release during the mining of gold and 
lead (in whose ores it commonly occurs), and from the combustion of coal, pf which 
it is a contaminant [23]. Occupational exposure to arsenic is common in the smelting 
industry (in which arsenic is a byproduct of ores containing lead, gold, zinc, cobalt, 
and nickel) and is increasing in the microelectronics industry (in which gallium 
arsenide is responsible). Low-level arsenic exposure continues to take place in the 
general population (as do some cases of high-dose poisoning) through the commercial 
use of inorganic arsenic compounds in common products such as wood preservatives, 
pesticides, herbicides, fimgicides, and paints; through the consumption of foods and 
the smoking of tobacco treated with arsenic-containing pesticides; and through the 
burning of fossil ftiels in which arsenic is a contaminant. Arsenic was also a major 
ingredient of Fowler's solution and continues to be found in some folk remedies. 
Biochemical mechanism of toxicity and their effects 
Once arsenic is in the body, it binds to hemoglobin, plasma proteins, and 
leukocytes and is redistributed to the liver, kidney, lung, spleen, and intestines. 
Arsenic produces cellular damage through a variety of mechanisms. Arsenic binds to 
enzyme sulfliydryl groups and forms a stable ring, which deactivates the enzyme. The 
process of deactivating the enzyme causes widespread endothelial cell damage, 
vasodilation, and leakage of plasma. Massive transudation of fluid into the bowel 
lumen, mucosal vesicle formation, and tissue sloughing may result in large 
gastrointestinal fluid losses. Arsenic binds to dihydrolipoic acid, a pyruvate 
dehydrogenase cofactor, blocking the conversion of pyruvate to acetyl coenzyme A 
and inhibiting gluconeogenesis. Arsenic competes with phosphates for adenosine 
triphosphate, forming adenosine diphosphate monoarsine, causing the loss of high-
energy bonds. In some forms, arsenic is caustic, exerting a direct toxic effect on blood 
vessels and large organs. Long-term exposure resuhs in nerve damage and may lead 
to lung, skin, or liver cancer. Once inhaled, arsine gas combines with hemoglobin in 
RBCs, causing severe hemolysis and anemia. Patients develop hemoglobinuria and 
hematuria within several hours of exposure. One of the early warning signs of arsenic 
poisoning is a "pins and needles" sensation in hands and feet. Long-term oral 
exposure to inorganic arsenic can result in skin changes including a darkening of the 
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skin and the appearance of small "corns" or "warts" on the palms, soles, and torso. 
Arsenite (should be arsenate) (+5) undergoes biomethylation in the liver to the less 
toxic metabolites methylarsenic acid and dimethylarsenic acid; biomethylation can 
quickly become saturated, however, and the result is the deposition of increasing 
doses of inorganic arsenic in soft tissues [23]. 
1.2.10 Mercury 
Anthropogenic sources 
One of the main consumers of mercury is the chlor-alkali industry, where Hg 
cells are used for production of chlorine, hydrogen, and sodium (in a few plants 
potassium) hydroxides by electrolysis of a brine solution. Mercury exposure is 
cumulative and comes primarily from 4 main sources: silver (mercury) dental fillings, 
food (mainly fish), vaccinations, and occupational exposure. Whereas mercury 
exposure from fish is primarily methyl mercury and mercury from vaccinations is 
thimerosal (ethyl mercury), mercury from occupational exposure and dental fillings is 
primarily from elemental mercury vapor. Tailings from the amalgamation technique 
in some cases are submitted to cyanide leaching to recover remaining gold, thereby 
aggravating the environmental emissions of Hg. The organo-mercury compounds 
have been used widely as fiingicides in agriculture and paint manufacturing. 
Biochemical mechanism of toxicity and their effects 
Mercury induced lipid peroxidation has been found to be a major factor in 
mercury's neurotoxicity, along with leading to decreased levels of glutathione 
peroxidation and superoxide dismutase (SOD) [24-26]. The toxic effects of mercury 
depend on its chemical form and the route of exposure. Methylmercury being the 
most toxic form affects the immune system, alters genetic and enzyme systems, and 
damages the nervous system, including coordination and the senses of touch, taste, 
and sight. Elemental mercury, released from broken thermometers, causes tremors, 
gingivitis, and excitability when vapors are inhaled over a long period of time. The 
nervous system is the critical organ for toxic exposure to both methyl and elemental 
mercury. Methyl mercury can react directly with important receptors in the nervous 
system, such as the acetycholine receptors in the peripheral nerves [23]. The effects of 
mercury on the nervous system range from irritability, excitability and parasthesia 
(numbing of the extremities) at low levels of exposure, to tremors, violent muscle 
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spasms and death in the extreme. While carcinogenicity and mutagenicity (the power 
to cause mutation) are not commonly associated with mercviry exposure, mercury can 
cross the placental barrier where exposure can lead to spontaneous abortion, 
congenital malformations and severe neurological defects such as cerebral palsy. 
Mercury affects the developing fetus by interfering with normal neuronal 
development; it may also affect cell division during critical stages of formation of the 
central nervous system. 
1.3 Preconcentration 
1.3.1 Significance 
Development of sensitive, selective, accurate, versatile and economical 
methods for the trace determination of toxic metal ions in environmental samples, 
wastewater, various natural water bodies and biological fluids is necessary for 
environment monitoring, assessment of occupational and enviromnental exposure to 
toxic metals and its impact on the ecosystem. Removal of toxic metal ions and 
recovery of precious metal ions from the industrial effluents in terms of 
environmental protection and economic consideration will be other important aspects. 
Despite the rapid development in the detectability of instrumental methods for 
analysis, a direct determination of trace metal ions in the real samples of complex 
matrices is still remain a difficult task even when modem instrumental methods with 
excellent sensitivity and multielemental analysis capability are employed because of 
their low concentrations and strong interference from the sample matrix [ 27, 28] The 
matrix effects become more prominent when the limitations of sophisticated 
analytical devices go unheeded [28]. Metals can exist in a given real sample, in a 
varied number of physico-chemical forms or in other words, they may be present in 
association with various types of matrices (at relatively higher concentration than 
metals) which presents interferences in their determination. A radical way to eliminate 
matrix effects is a preliminary separation of macro components by a relative, or 
absolute, preconcentration of trace metals. 
1.3.2 Classification and characteristics 
Preconcentration can be of two types: absolute and relative preconcentration. 
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Absolute prenconcentration involves the transfer of trace elements from a large mass 
of sample into a small mass, e.g. by evaporation or by solvent extraction into a small 
volume of an organic phase. 
Relative preconcentration involves at least partial separation of the components when 
their concentrations differ very much. Its main aim is often to exchange the matrix for 
a suitable collector (generally of smaller mass) to prevent its interference in the 
determination. In some cases, it is difficult to define a boundary between absolute and 
relative preconcentration. Relative preconcentration increases the mass ratio of trace 
elements to main components (the solvent is not considered as a major component in 
this case).Depending on the purpose, trace elements can be concentrated selectively or 
in groups and either separation of the matrix or separation of the trace components 
can be used. Removal of the matrix is reasonable if used in combination with multi 
element determination techniques, e.g. spectrochemical analysis, but only if the 
matrix is of simple composition. Matrix removal is used especially in analysis of 
high-purity metals. If the matrix contains several elements forming complex 
compounds (geological and biological materials), it is better to separate the trace 
elements. Sometimes, there is no need to remove the matrix completely; the process is 
then called "enrichment". However, it is usually more profitable to change to another 
matrix which better meets the demands of the subsequent determination, simplifies a 
calibration, etc. Several such collectors are suitable for determinations by different 
techniques. For instance, carbon powder can be analysed by a spectrographic method 
or by flameless atomic-absorption spectrophotometry. Some quantitative 
characteristic features used for description of prenconcentration are listed in Table 1.1 
Table 1.1 
Main terms for preconcentration 
Recovery (R) ^ ^ (^TKTI, where QT and Q°T are respectively the 
quantities of trace element in the concentrate and in 
the sample. It is usually expressed as a percentage. 
Concentration coefficient (K) K = (QT/QM) / (Q°T/Q°M), where Q°M and QM are 
respectively the amounts of matrix before and after 
preconcentration. If R = 100% then K = Q^M/QM-
Separation coefficient (S) S = (QM/QT) / (Q°M/Q°T) = 1 /K 
Preconcentration factor Maximum volume of sample / minimum eluent 
volume that gives quantitative recovery of analyte 
Preconcentration limit (|Lig L'*) Minimum concentration upto which 
preconcentration (maximum volume) is feasible. 
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1.3.3 Preconcentration methods 
Many different methods are used for analytical preconcentration [29]. They 
can be classified according to the nature of the separations (chemical and physical 
methods) used and the number and nature of the phases involved in the separation 
process. 
A. Solvent extraction 
They may be used for separation (selective or group) of trace elements into the 
extract or for matrix extraction. Wide scope, simplicity and rapidity are important 
advantages of these methods. Solvent extraction usually ensures high efficiency of 
concentration. Various systems are used in extraction of trace elements, chelate 
systems being most frequently used. 8-Hydroxy quinoline, dithizone and 
dithiocarbamates are conventional reagents for group concentration. Important factors 
in separation of trace elements from the matrix in aqueous solution are the effects of 
the imextracted matrix components (salting-out, masking, etc.), and the effect of the 
trace component concentration on its distribution coefficient. Usually solvent 
extraction ensures a concentration factor of not greater than 50-100. In this respect, 
extraction chromatography, which is being intensively developed [30] and gel-
extraction [31] are more promising. In accelerated solvent extraction (ASE) 
technique, organic solvents at high temperature under pressure are used to extract 
analytes. An important advantage of this system is the reduction in both extraction 
times and solvent usage [32]. 
The distribution of a species X between aqueous phase (aq) and organic phase 
(org), is described by the partition coefficient IQ 
y 
_ or^^rg .— (1.1) 
aq 
where y denotes activity coefficient and square brackets represent 
concentrations of the analyte in each solvent. This relationship holds rigorously for 
well defined thermodynamic systems. In real systems, many inorganic elements may 
be present simultaneously. From an analytical viewpoint, the analyst is interested in 
the total amount of element that is transferred from one phase to another, and so the 




total org (1.2) 
X total. aq 
The Xtotai includes all species of the element present in the phase considered. 
The amount of analyte transferred from the aqueous to the organic phase is expressed 
as the extraction efficiency E: 




where Vaq is the volume of the aqueous phase and Vorg is the volume of the 
organic phase. The important aspect of this equation is that the extraction efficiency is 
independent of analyte concentration. It also shows that low Vaq to Vorg ratios favours 
high extraction efficiencies. However, there is a practical limit to this ratio, if a high 
concentration factor is required. 
Extraction of the matrix is also of great importance in analytical practice. In 
this case, the capacity of the organic phase has to be high and the extraction has to be 
sufficiently selective for the trace elements to remain completely in the aqueous 
phase. Metal chelates are less convenient for the purpose because of their moderate 
solubility in the organic phase, but various ion-association complexes, coordinatively 
solvated compounds, and molecular compounds are quite suitable. The effect of the 
extracted matrix on the behavior of the trace elements is an interesting and important 
general problem. Undesirable coextraction of trace components is possible in some 
cases. 
B. Co-precipitation 
This is one of the oldest approaches for concentration and separation of 
inorganic elements from solution. It is also efficient and a wide range of analytes can 
be preconcentrated. Under suitable conditions, precipitates of other materials can 
quantitatively remove trace inorganic constituents fi-om the aqueous phase [33-35]. 
There are three principal mechanisms in operation in these co-precipitation processes. 
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Surface adsorption 
The surface charge on the precipitate can attract ions in solution of the 
opposite charge. 
Inclusion 
The analyte may isomorphically replace an ion in the crystal structure of the 
precipitate (mixed crystal) or be incorporated non-isomorphically (solid solution). 
Occlusion 
Ions are physically engulfed in the forming precipitate before they can diffuse 
or be carried away. This mechanism tends to be much less efficient than the other 
process. The precipitate, which has a mass many orders of magnitude greater than that 
of the analyte, can be a major source of contamination. The removal of the analyte 
from the precipitate matrix may require further separation with associated losses and 
blanks. There is also the contamination and loss potential in all the handling steps, 
such as filtration and dissolution of the precipitate. 
C. Evaporation methods 
These are used in several ways: simple thermal evaporation of trace elements, 
evaporation of trace elements after conversion into volatile compounds, and 
sublimation or distillation of the matrix directly or after chemical conversion of the 
matrix into volatile forms. 
Simple thermal evaporation is accompanied by relatively low contamination; 
the degree of contamination increases when reagents are used for preparation of 
volatile compounds, especially compounds of the matrix. There may be losses of the 
elements to be determined, in all cases, particularly during matrix evaporation. One or 
several elements will usually be concentrated during evaporation of the trace 
components. Group concentration of all trace elements in the residue is achieved 
when the matrix is evaporated (with or without a collector). 
Evaporation of traces from a solid matrix demands careftil crushing, which is a 
drawback of the method. Moreover, the sample should be small (50-100 mg). 
Evaporation of the matrix is utilized if it is more volatile than the trace 
elements to be determined. It is usually difficuh to perform a simple evaporation at 
atmospheric pressure; the evaporation rate increases with temperature but the 
temperature must not exceed 800 °C as there is a danger of losses of trace elements 
and oxidation of matrix elements. However, at low temperatures, evaporation of a 
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large sample demands much time. Only matrices such as iodine, arsenic, antimony 
and zinc can be easily evaporated. Therefore, it is common to resort to use of reduced 
pressure, or an inert carrier gas or (more frequently) various chemical reactions 
transforming the matrix into a more volatile form. 
D. Electrochemical Techniques 
An important feature of many electrochemical methods is the ease with which 
it is possible to preconcentrate in-situ certain dissolved inorganic, organometallic and 
organic species from solution on to [formation of non-metallic phases; cathodic 
stripping voltammetry (CSV)] or into the working electrode [formation of amalgams 
with the mercury electrode; anodic stripping voltammetry (ASV)] at defined potential 
[36]. Some species do not electrochemically concentrate onto or into the working 
electrode but they physically adsorb to the electrode surface. This is the basis of 
adsorptive stripping voltammetry, which yields determinations with comparable 
detection limits to those of CSV and ASV in the range 10'^  - 10''° mol L''. 
Electrolytic preconcentration concentrates reducible metals on an inert electrode or 
amalgam in mercury, leaving electrochemically inactive interfering elements in 
solution [36]. These methods may be sensitive but have limited selectivity. In general, 
these methods do not show reproducible results due to variation in the electrode area 
and rate of formation of films on the surface of the electrode [37]. 
E. Crystallization 
These concentration techniques (directed crystallization and zone melting) 
require no reagents [38]. The advantages of these methods are their universal 
applicability, ease of automation, and low degree of contamination if the process is 
carried out in a closed atmosphere and at a not very high temperature. If necessary, 
the main part of the material analyzed may be recovered for use. The disadvantage of 
the methods is that the efficiency decreases at low concentrations of the elements to 
be separated, especially if they are isomorphous with the main compounds; moreover, 
the methods are time-consuming. 
F. Flotation 
This can be used both for separation of the matrix and isolation of trace 
elements. The matrix can be floated after its precipitation, in order to avoid filtration. 
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The isolation of silver [39], vanadium [40] and a group of nine elements [41] from 
sea-water illustrates separation of trace components. 
G. Solid-phase extraction (SPE) 
Solid-phase extraction refers to the non-equilibriimi, exhaustive removal of 
chemical constituents from a flowing liquid sample via retention on a contained solid 
sorbent and subsequent recovery of selected constituents by elution from the sorbent 
[42, 43]. The separation ability of solid phase extraction is based on the preferential 
affinity of desired or undesired solutes in a liquid (mobile phase) for a solid 
(stationary phase) through which the sample is passed. Impurities in the sample are 
either washed away while the analyte of interest is retained on the stationary phase, or 
vice-versa. Analytes that are retained on the stationary phase can then be eluted from 
the solid phase extraction cartridge with the appropriate solvent. The afinity, which 
was sfrong enough to be analytically usefiil from sorbents that were inexpensive 
enough to be economically feasible, was useftil in both pharmaceutical and 
environmental applications. 
1.4 Solid phase extraction as a preconcentration method 
1.4.1 Historical development 
The modem era of SPE, which resulted in today's exponential growth in 
applications of this technique, began in 1977 when the Waters Corporation introduced 
commercially available, prepackaged disposable cartridges/columns containing 
bonded silica sorbents. The term solid-phase extraction was coined in 1982 by 
employees of the J.T. Baker Chemical Company [44, 45]. The introduction of 
sorbents exhibiting a very strong affinity for accumulating semivolatile organic 
compounds from water was the primary advance in the 1970s that propelled the 
technique into widespread use [42-45]. The affinity, which was strong enough to be 
analytically usefiil from sorbents that were inexpensive enough to be economically 
feasible, was usefiil in both pharmaceutical and enviroimiental applications. 
1.4.2 Theory 
The principle of SPE is similar to that of liquid-liquid extraction (LLE), involving 
a partitioning of solutes between two phases. However, instead of two immiscible 
liquid phases, as in LLE, SPE involves partitioning between a liquid (sample matrix) 
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and a solid (sorbent) phase. This sample treatment technique enables the 
concentration and purification of analytes from solution by sorption on a solid 
sorbent. 
The basic approach involves passing the liquid sample through a column, a 
cartridge, a tube or a disk containing an adsorbent that retains the analytes. After the 
entire sample has been passed through the sorbent, retained analytes are subsequently 
recovered upon elution with an appropriate solvent. The first experimental 
applications of SPE started fifty years ago [46,47]. 
However, its growing development as an alternative approach to liquid-liquid 
extraction for sample preparation started only in the mid-1970s. 
1.4.3 Basic principles 
An SPE method always consists of three to four successive steps, as illustrated 
in Figure 1.2. 
First, the solid sorbent should be conditioned using an appropriate solvent, 











Figure 1.2 SPE operation steps. 
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the wetting of the packing material and the solvation of the functional groups. In 
addition, it removes possible impurities initially contained in the sorbent or the 
packaging. Also, this step removes the air present in the column and fills the void 
volume with solvent. The nature of the conditioning solvent depends on the nature of 
the solid sorbent. Typically, for reversed phase sorbent (such as octadecyl-bonded 
silica), methanol is frequently used, followed by water or aqueous buffer whose pH 
and ionic strength are similar to that of the sample. Care must be taken not to allow 
the solid sorbent to dry between the conditioning and the sample treatment steps, 
otherwise the analytes will not be efficiently retained and poor recoveries will be 
obtained. If the sorbent dries for more than several minutes, it must be reconditioned. 
The second step is the percolation of the sample through the solid sorbent. 
Depending on the system used, volumes can range from 1 mL to 1000 ml.. The 
sample may be applied to the column by gravity, pvmiping, aspirated by vacuum or by 
an automated system. The sample flow-rate through the sorbent should be low enough 
to enable efficient retention of the analytes, and high enough to avoid excessive 
duration. During this step, the analytes are concentrated on the sorbent. Even though 
matrix components may also be retained by the solid sorbent, some of them pass 
through, thus enabling some purification (matrix separation) of the sample. 
The third step (which is optional) may be the washing of the solid sorbent with 
an appropriate solvent, having low elution strength, to eliminate matrix components 
that have been retained by the solid sorbent, without displacing the analytes. A drying 
step may also be advisable, especially for aqueous matrices, to remove traces of water 
from the solid sorbent. This will eliminate the presence of water in the final extract, 
which, in some cases, may hinder the subsequent concentration of the extract and or 
the analysis. 
The final step consists in the elution of the analytes of interest by an 
appropriate solvent, without removing retained matrix components. The solvent 
volume should be adjusted so that quantitative recovery of the analytes is achieved 
with subsequent low dilution. In addition, the flow-rate should be correctly adjusted to 
ensure efficient elution. It is often recommended that the solvent volume be 
fractionated into two aliquots, and before the elution to let the solvent soak the solid 
sorbent. 
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1.4.4 Retention of trace elements on the sorbent 
Retention of trace elements on the solid sorbent is required for preconcentration 
(Figure 1.3). The mechanism of retention depends on the nature of the sorbent, and 
may include simple adsorption, chelation or ion-exchange. Also, for trace elements, 
ion-pair solid phase extraction may be used. 
Elution solvent 
Matrix Egands 
Figure 1.3 Interactions occurring at the surface of the solid sorbent. 
Adsorption 
Trace elements are usually adsorbed on solid phases through van der Waals 
forces or hydrophobic interaction. Hydrophobic interaction occurs when the solid 
sorbent is highly non-polar (reversed phase). The most common sorbent of this type is 
octadecyl-bonded silica (Cig-silica). More recently, reversed polymeric phases have 
appeared, especially the styrene-divinylbenzene copolymer that provides additional 
pi-pi interaction when p-electrons are present in the analyte [48]. Elution is usually 
performed with organic solvents, such as methanol or acetonitrile. Such interactions 
are usually preferred with online systems, as they are not too strong and thus they can 
be rapidly disrupted. However, because most trace element species are ionic, they will 
not be retained by such sorbents. 
Chelation 
Several functional group atoms are capable of chelating trace elements. The 
atoms most frequently used are nitrogen (e.g. N present in amines, azo groups, amides 
23 
and nitriles), oxygen (e.g. O present in carboxylic, hydroxyl, phenolic, ether, 
carbonyl, phosphoryl groups) and sulfur (e.g. S present in thiols, thiocarbamates and 
thioethers). The nature of the functional group will give an idea of the selectivity of 
the ligand towards trace elements. In practice, inorganic cations may be divided into 3 
groups :-
Group I-'har(f cations: these preferentially react via electrostatic interactions (due to 
a gain in entropy caused by changes in orientation of hydration water molecules); this 
group includes alkaline and alkaline-earth metals (Ca^ "", Mg^ "", Na"") that form rather 
weak outer-sphere complexes with only hard oxygen ligands. 
Group II-'borderline' cations: these have an intermediate character; this group 
contains Fe^ ,^ Co^ "", Ni^ *, Cu^^ , Zn^^ , Pb^*, Mn "^. They possess affinity for both hard 
and soft ligands. 
Group Ill-'soft' cations: these tend to form covalent bonds. Hence, Cd and Hg 
possess strong affinity for intermediate (N) and soft (S) ligands. 
Adherence to HSAB principle 
For soft metals, the following order of donor atom affinity is observed: 0<N<S. 
A reversed order is observed for hard cations. For a bidentate ligand, affinity for a soft 
metal increases with the overall softness of the donor atoms: (O, O) < (O, N) < (N, N) 
< (N, S). The order is reversed for hard metals. In general, the competition for a given 
ligand essentially involves Group I and Group II metals for O sites, and metals of 
Group II and Group III for N and S sites. The competition between metals of Group I 
and Group III is weak. 
Chelating agents may be directly added to the sample for chelating trace 
elements, the chelates being further retained on an appropriate sorbent. An alternative 
is to introduce the functional chelating group into the sorbent. For that purpose, three 
different means are available: 
> The synthesis of new sorbents containing such groups {new sorbents) 
> The chemical bonding of such groups on existing sorbents (functionalized 
sorbents); and 
> The physical binding of the groups on the sorbent by impregnating the solid 
matrix with a solution containing the chelating ligand (impregnated, coated 
or loaded sorbents). 
The latter remains the most simple to be used in practice. Its main drawback is the 
possible flush of the chelating agent out of the solid sorbent during sample percolation 
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or elution that reduces the lifetime of the impregnated sorbent. Different ligands 
immobilized on a variety of solid matrices have been successfully used for the 
preconcenti^tion, separation and determination of trace metal ions. Chelating agents 
with a hydrophobic group are retained on hydrophobic sorbents (such as Cis-silica). 
Similarly, ion-exchange resins are treated with chelating agents containing an 
ionexchange group, such as a sulfonic acid derivative of dithizone (i.e. 
diphenylthiocarbazone) (DzS), 5-sulfo-8-qumolinol, 5-sulfosalicylic acid, 
thiosalicylic acid, chromotropic acid, or carboxyphenylporphyrin (TCPP) [49-52]. 
Binding of metal ions to the chelate functionality is dependent on several factors: 
> nature, charge and size of the metal ion 
> nature of the donor atoms present in the ligand 
> buffering conditions which favor certain metal extraction and binding to 
active donor or groups; and 
> nature of the solid support (e.g. degree of cross-linkage for a polymer). 
In some cases, the behavior of immobilized chelating sorbents towards metal 
preconcentration may be predicted using the known values of the formation constants 
of tiie metals with the investigated chelating agent [53]. However, the presence of the 
solid sorbent may also have an effect and lead to the formation of a complex with a 
different stoichiometry than the one observed in a homogeneous reaction [54. 55]. In 
fact, several characteristics of the sorbent should be taken into account, namely the 
number of active groups available in the resin phase [51, 53-55], the length of the 
spacer arm between the resin and the bound ligand [56], and the pore dimensions of 
the resin [57]. 
Ion-pairing 
When a non-polar sorbent is to be used, an ion-pair reagent (IP) can be added 
to the sorbent [58]. Such reagents contain a nonpolar portion (such as a long aliphatic 
hydrocarbonated chain) and a polar portion (such as an acid or a base). Typical ion-
pau- reagents are quaternary ammonium salts and sodium dodecylsulfate (SDS) [59, 
60]. The non-polar portion interacts with the reversed-phase non-polar sorbent, while 
the polar portion forms an ion-pair with the ionic species present in the matrix (that 
could be either free metallic species in solution or complexes). 
Jon exchange 
Ion-exchange sorbents usually contain cationic or anionic functional groups 
that can exchange the associated counter-ion. Strong and weak sites refer to the fact 
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that strong sites are always present as ion-exchange sites at any pH, while weak sites 
are only ion-exchange sites at pH values greater or less than the pKa. Strong sites are 
sulfonic acid groups (cation-exchange) and quaternary amines (anion-exchange), 
while weak sites consist of carboxylic acid groups (cation-exchange) or primary, 
secondary and tertiary amines (anion-exchange). These groups can be chemically 
bound to silica gel or polymers (usually a styrene-divinylbenzene copolymer), the 
latter allowing a wider pH range. An ion-exchanger may be characterized by its 
capacity, resulting from the effective number of functional active groups per unit of 
mass of the material. The theoretical value depends upon the nature of the material 
and the form of the resin. However, in the colimm operation mode, the operational 
capacity is usually lower than the theoretical one, as it depends on several 
experimental factors, such as flow-rate, temperature, particle size and concentration of 
the feed solution. As a matter of fact, retention on ion-exchangers depends on the 
distribution ratio of the ion on the resin, the stability constants of the complexes in 
solution, the exchange kinetics and the presence of other competing ions. Even though 
ion-exchangers recover hydrated ions, charged complexes and ions complexed by 
labile ligands, they are of limited use in practice for preconcentration of trace 
elements due to their lack of selectivity and their retention of major ions [61]. Yet, for 
some particular applications they may be a valuable tool. Hence, iron speciation was 
possible through selective retention of the negative Fe(III)-ferron complex on an 
anion-exchanger [62]. Selenium speciation was also feasible by selectively eluting 
Se(IV) and Se(VI) retained on a anion-exchanger [63]. 
1.4.5 Elution of trace elements from the sorbent 
Similar kinds of interactions (as mentioned in the previous section) usually 
occur during the elution step. This time, the type of solvent must be correctly chosen 
to ensure stronger affinity of the trace element for the solvent, to ensure disruption of 
its interaction with the sorbent (as illustrated in Figure 1.3). Thus, if retention on the 
sorbent is due to chelation, the solvent could contain a chelating reagent that rapidly 
forms a stronger complex with the trace metal. Elution may also be achieved using an 
acid that will disrupt the chelate and displace the free trace element. Similarly, if 
retention is due to ion exchange, its pH dependence enables the use of eluents with 
different pH to be used, such as acids. Of prime importance is to selectively elute only 
the target species. So, if they are more strongly retained on the sorbent than the 
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interferent compounds, a washing step with a solvent of moderate elution strength is 
highly advisable before elution of the target species with the appropriate solvent. 
1.4.6 Selection of solid sorbent 
Solid sorbents may be hydrophobic or polar. Reversed-phase sorbents usually 
refer to the packing materials that are more hydrophobic than the sample, which are 
frequently used with aqueous samples. On the other hand, normal-phase sorbents refer 
to materials more polar than the sample and they are used when the sample is an 
organic solvent containing the target compounds. When hydrophobic supports are 
used, retention of ionic metal species will require the formation of hydrophobic 
complexes. This can be achieved through addition of the proper reagent to the sample 
or through immobilization of the reagent on the hydrophobic solid sorbent. Addition 
of reagent to the sample is appropriate for the fixation of unstable metal species (such 
as Cu^  and Fe^ )^ to maintain speciation, while immobilization offers the convenience 
of having a prepared cartridge or disk before analysis. Immobilization may also 
provide a significant development in speciation analysis, because metal equilibrium in 
the sample may not be affected by reaction on the cartridge. The nature and properties 
of the sorbent are of prime importance for effective retention of metallic species. 
Careful choice of the sorbent (Fig. 1.4) is thus crucial to the development of SPE 
methodology. 
In practice, the main requirements for a solid sorbent are: 
> The possibility to extract a large number of trace elements over a wide pH 
range (along with selectivity towards major ions); 
> The fast and quantitative sorption and elution; 
> A high capacity; 
> Regenerability; and 
> Accessibility. 
A. Silica gel (Inorganic based sorbents) 
Besides other inorganic oxides (as discussed later), the most frequently used 
inorganic sorbents are based on silica gel as the primary support. Silica gel based 
sorbents present the advantages of mechanical, thermal and chemical stability under 
various conditions. They frequently offer a high selectivity towards a given metal ion. 
Silica gel can be used as a very successful adsorbing agent, as it does not swell or 
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strain, has good mechanical strength and can undergo heat treatment. In addition, 
chelating agents can be easily loaded on silica gel with high stability, or be bound 
chemically to the support, affording a higher stability. The surface of silica gel is 
characterized by the presence of silanol groups, which are known to be weak ion-
exchangers, causing low interaction, binding and extraction of ionic species [64]. In 
particular, silica gel presents high sorption capacity for metal ions, such as Cu, Ni, 
Co, Zn or Fe [65]. Retention is highly dependent on sample pH with quantitative 
retention requiring pH values over 7.5-8.0, as under acidic conditions silanol groups 
are protonated and the ion-exchange capacity of the silica gel is greatly reduced or 
even reduced to zero at low pHs. In addition, this sorbent has a very low selectivity, 
and is prone to hydrolysis at basic pH. Consequently, modification of the silica gel 
surface has been performed to obtain solid sorbents with greater selectivity. However, 
all silica based sorbents suffer from different chemical limitations, namely the 
presence of residual surface silanol groups (even after an end-capping treatment) and 
a narrow pH stability range. 
Two approaches are used for loading the surface with specific organic 
compounds, chemical immobilization and physical adsorption. 
> In the first case, a chemical bond is formed between the silica gel surface 
groups and those of the organic compound {functionalized sorbent). 
> In the second approach, the organic compound is directly adsorbed on the 
silanol groups of the silica gel surface (impregnated or loaded sorbent), 
either by passing the reagent solution through a column packed with the 
adsorbent, or by soaking the adsorbent in the reagent solution. Impregnating 
reagents are ion-exchangers or chelating compounds. 
Numerous reagents have been investigated for impregnation of silica gel as a 
means of increasing retention capacity and selectivity of the sorbent for trace 
elements, namely thionalide (2-mercapto-Ar-2 naphthylacetamide) [66, 67], 2-
mercaptobenzothiazole (MBT) [68], 8-hydroxyquinoline (8-HQ) [69, 70], 3-methyl-l-
phenyl-4-stearoyl-5-pyrazolone (MPSP) [65], salicylaldoxime [57], 
dimethylglyoxime (DMG) [71], Aliquat 336 (methyltricaprylammonium chloride) and 
Calcon (hydrophobic sodium sulfonate) [72]. Increased stability of the sorbent is 
obtained by the chemical binding of chelating functional groups on silica gel [73]. 
Applications to the determination of trace elements have been reported for more than 
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twenty years with several functional groups, such as amines, dithiocarbamates, 
iminodithiocarbamates or dithioacetals [71, 74-77]. Careful choice of the bound 
chelating groups enables speciation studies. Hence, dithizone-functionalized silica gel 
was reported selective towards Hg(II) [73]. Similarly, purpurogallin-bound silica gel 
enabled selective extraction of Fe(III) [78]. Simultaneous retention of trace elements 
is possible by choosing a nonselective chelating group, such as A^-
propylsalicylaldimine [79] or Bismuthol-I (2, 5-dimercaptol, 3, 4-thiadiazole) [80]. 
Acidic groups can also be used for further chelation of trace elements, such as 
phosphonic acid [81] and calixarene tetrahydroxamic acid [82]. Alternatively, 
macrocycles may be boimd to silica (SGBM) [83] such as 18-crown-6 (18C6) [84]. It 
must be kept in mind that despite chemical bonding of functional groups on the silica 
gel surface, firee silanol groups still remain [81]. Their number can be minimised by 
end-capping the sorbent, but some will still be present. As a consequence, they will 
participate in the retention of trace elements somewhat, especially at pH above their 















Figure 1.4 Types of sorbents 
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B. C-bonded silica gel (Inorganic based sorbents) 
Despite the large 18 variety of bonded phases available, octadecyl bonded 
silica has currently become the most popular phase used. In particular, organometallic 
compounds (e.g. tributyltin (TBT), triphenyltin (TPhT), alkylselenides) can be 
retained on this sorbent due to possible hydrophobic interaction [63, 85, 86]. Bare 
C18-silica can also retain a fraction of inorganic trace elements, probably due to the 
presence of silanol groups on its surface [87]. However, in practice, due to its 
hydrophobic character, C18-silica is not well suited for retention of trace element 
species, as the latter are often polar or ionic. Retention on C18-silica may be 
improved by addition of a ligand reagent to the sample before its percolation through 
the sorbent. The hydrophobic part of the ligand will thus have hydrophobic interaction 
with the CI8- silica and be retained on the sorbent, while the functional group of the 
ligand will ensure chelation of the trace element. Among reagents, one can cite 8-HQ 
[88], APDC [89], 1, 10 phenanthroline [62] or bathocuproine [90]. An alternative 
approach is to form the complex by passing the sample through a C18-silica 
containing the immobilized reagent. Octadecyl bonded silica, modified by suitable 
ligands has been successfully used for the separation and sensitive determination of 
metal ions. The careful choice of the ligand may add selectivity to the extraction step, 
favoring speciation. For example, salen I-modified CI8- silica was found selective for 
Cu(II) [62], while impregnation of C18-silica with neocuproine was suitable for Cu(I) 
[91]. C18-silica coated with bis-l-hydroxy-9, lO-anthraquinone-2-ethylxsulfide (HAS) 
was preferred for Pb(II) retention [92], while coating with N,N9-diethyl-N9-
benzoylthiourea (DEBT) was recommended for Pd [93]. Macrocycles may also be 
loaded on C18-silica and efficiently used for the retention of trace metals, such as 
hexathia-18-crown-6 (HT18C6) [94] or calixarene hydroxamate [82]. For some 
particular applications, mixed ligand complexes may be used to ensure synergistic 
adsorption of the metal complex on the solid sorbent. Thus, while Cu^ ^ ions cannot 
complex with neutral tri-n-butyl phosphate (TBP) molecules adsorbed on C18-silica, 
the form of Cu(TTA) complex (TTA being 2-thenoyltrifluoroacetone) was retained at 
approximately 80% [95]. Alternatively, in some cases, loading the chelating agent on 
C8-silica instead of C18-silica may give better resuhs as observed for the retention of 
bismuth on oxinate-loaded reversed phase [96]. Despite their broad application to 
trace element preconcentration, bonded silica phases (either €18- silica or 
functionalized-silica gel) present the drawback of a limited range of pH that can be 
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used, as in acidic (below 2 to 4) and basic (above 8) pHs hydrolysis may occur, which 
changes the interactions that occur between the sorbent and the trace elements. As a 
consequence, polymeric sorbents may be preferred. 
C. Other inorganic oxides (Inorganic based sorbents) 
Whereas Si02, due to its acidic properties, is expected to adsorb only cations, 
basic oxides (such as magnesia MgO) should adsorb only anions. As a matter of fact 
adsorption of ions on oxide surfaces is believed to proceed with participation of 
hydroxyl groups. These groups are negatively charged (deprotonated) under basic 
conditions, thereby retaining cations and positively charged (protonated) under acidic 
conditions, thereby retaining anions. Consequently, on amphoteric oxides (namely 
titania T1O2, alumina AI2O3, zirconia ZTO2), cations are adsorbed under basic 
conditions (pH above the isoelectric point of the oxide which was reported to be 6.2 
for T1O2 [97], while anions are adsorbed under acidic conditions (pH below the 
isoelectric point of the oxide). For example, chromium speciation may be achieved by 
carefiil adjustment of the sample pH: pH 2 and 7 for retention of Cr^ ^ (anionic) and 
Cr^ ^ (cationic), respectively, on acidic alumina [98, 99], pH 2 and 8 for retention of 
Cr(VI) and Cr(III) on titania, respectively [100]. The concurrent adsorption of H^ is 
responsible for the absence of retention of cationic species at very low pH. However, 
changing the sample pH may affect speciation and should be avoided as far as 
possible. So it may be preferred to find a suitable sorbent for retaining the targeted 
species with subsequent selective elution for further speciation studies. With regards 
to chromium speciation, neutral alumina has been used for that purpose [101, 102]. 
The preparation technique is of prime importance [97] as the adsorption properties of 
many oxides strongly depend on the characteristics of the solid, namely crystal 
structure, morphology, defects, specific surface area, hydroxyl coverage, surface 
impurities and modifiers. Thus, the coating of acidic alumina with an anionic 
surfactant allowed the selective retention of Cr^ ^ in very acidic solutions [103]. 
Adsorption on inorganic oxides may also be influenced by the presence of saUs in the 
matrix. In particular, high concentrations of phosphates and sulfates may decrease 
trace element retention on titania [104]. On the opposite, major cations (Na", K^ 
Ca^ "^ , Mg^ )^ are weakly adsorbed on titania [104,105]. 
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D. Polystyrene-divinylbenzene based sorbents (polymeric organic sorbents) 
Nascent polymeric resins 
Nascent styrene-DVB resins such as Amberlite XAD-1180 [106-107]. XAD-
4 [108], and XAD-16 [109-113] were used directly for enrichment of inorganics as 
their halide or thiocyanate complex. The type and quantity of sorbent, hydrophobicity 
and ionizability of the analytes, and sample volume and pH interactively determine 
the breakthrough volume. Using a styrene-divinylbenzene sorbent, the primary 
interaction mechanism is via van der Waals forces; therefore, the more hydrophobic 
the compounds the larger the breakthrough volume will be and the larger the sample 
size from which quantitative recovery can be expected. This observation can be 
generalized to other sorbents by stating that regardless of the primary interaction 
mechanism between the analyte and the sorbent, it holds true that the stronger the 
interaction, the larger the breakthrough volume will be. 
Ion exchange resins 
Various cationic styrene-DVB resins such as Amberlite IR-120 [114-116], IRA-
400 [116], and IRA-410 [117] were used for enrichment of Sr, Co, Cr(VI), and 
Cr(III), and Se(rV) by ion exchange phenomenon. 
Macroporous hydrophobic resins of the Amberlite XAD series 
(polystyrenedivinylbenzene (PS-DVB) resins) are good supports for developing 
chelating matrices. Amberlite XAD resins, as the copolymer backbone for the 
immobilization of chelating ligands, have some physical superiority, such as porosity, 
uniform pore size distribution, high surface area and chemical stability towards acids, 
bases, and oxidizing agents, as compared to other resins. In addition to the 
hydrophobic interaction that also occurs with C18-silica, such sorbents allow pi-pi 
interactions with aromatic analytes. Due to the hydrophobic character of PS-DVB, 
retention of trace elements on such sorbents requires the addition of a ligand to the 
sample. 
The use of surface-modified PS-DVB copolymers with different polar 
substituents overcomes the following disadvantages suffered by standard silica-based 
material used for SPE: 
> lack of pH stability under acidic or basic conditions, 
> low breakthrough for polar analytes, 
>they are not wettable by water alone and always need a conditioning step with 
a wetting solvent, such as methanol. 
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However, in practice, the resins prepared by impregnation of the ligand are difficuh to 
reuse, due to partial leaching of the ligand (thus resulting in poor repeatability). To 
overcome this problem, the resin may be chemically functionalized. Chemical 
modification of PS-DVB copolymers have been carried out by immobilizing varying 
substituents through different bridging groups. 
AmberliteXAD-2 
Surface modification 
Amberlite XAD-2 resin modified by surface adsorption with oxime [118, 119] 
l-(2-thiazolylazo)-2-naphthol [118, 120], pyrocatechol violet [118], 4-(2-pyridylazo) 
resorcinol [119], eriochrome blue black R [119], ammonium pyrollidine 
dithiocarbamate (APDC) [121], tropolone [122], l-(2-pyridylazo)- 2-naphthol (PAN) 
[123], 2-(2-thiazolylazo)-p-cresol [124], calmagite [125, 126], and 2-(5-bromo-2-
pyridylazo)-5-diethylamino phenol [127] were used as solid phase extractant sorbents 
in off-line or online column preconcentration modes. 
Chemical modification 
Singh et al. chemically immobilized AmberliteXAD-2 with Alizarin Red S 
[128],Tiron [129], catechol [130], thiosalicylic acid [131], o-aminophenol [132], 
chromotropic acid [133], catechol violet [134], salicylic acid [135], and pyrogallol 
[130] via azo (-N=N-) spacer. A similar synthetic scheme was employed by Jain et al. 
[136, 137] to chemically immobilize o-vanilline thiosemicarbazone on to Amberlite 
XAD-2 resin. Dogutan et al. [138] synthesized palmitoyol-8-hydroxyquinoline 
functionalized Amberlite XAD-2 by a modified procedure described by Suebert et al. 
[139] through chloromethylation. In 1992, Trojanowicz group [140] chemically 
immobilized Eriochrome blue black R onto Amberlite XAD-2. Yuan and Shuttler 
[141] immobilized quinoline-8-ol onto Amberlite XAD-2 and controlled pore glass, 
and reported higher enrichment factors with the former as it gave higher flow rates 
during quantitation of aluminum by FIA-ETAAS. 
Amberlite XAD-4 
Surfiice modification 
Surface adsorption of Amberlite XAD-4 resin beads with oxine [142-145], 
APDC [142, 143], 2[2-(5-chloropyridyl)azo]- 5-dimethyl amino phenol (5-
CIDMPAP) [144, 145] butane-2,3-dionebis(N-pyridinoacetylhydrazone) [146], 2-(5-
bromo-2-pyridylazo)-5-diethyl aminophenol (5-Br PADAP) [147-149], 5-phenyl azo-
8-quinolinol [150], l-nitroso-2-napthol [151], and sodium diethyl dithiocarbamate 
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(NaDDTC) [152] were used as solid-phase extractants for the trace determination of 
inorganics using a variety of detection techniques which include spectral and X-ray 
techniques. 
Chemical modification 
Azotization was used for immobilzation of o-aminobenzoic acid onto 
Amberlite XAD-4 resin by Cekic et al. [153]. Jain et al. [154] employed similar 
synthetic scheme for functionalizing Amberlite XAD-4 with o-vanilline-
semicarbazone. Amberlite XAD-4 was flinctionalized with N-hydroxy ethyl ethylene 
diamine via acylation by Hirata et al. [155] as per the synthesis procedure described 
by Dev and Rao [156]. Acid chloride was grafted onto Amberlite XAD-4 [157]. 
Yakin and Apak [158] immobilized maleic acid by electrophilic substitution of the 
Amberlite XAD-4 resin with maleic anhydride by a Friedel-Crafts reaction. 
Quinoline-8-ol fimctionalized Amberlite XAD-4 resin was synthesized by Gladis and 
Rao [159] through acetylation. 
Amberlite XAD-16 
Surface modification 
Traces of inorganics were enriched on Amberlite XAD-16 resin beads after 
surface adsorption with a variety of chelates, namely, PAN [160], NaDDTC [161, 
162], 4-(2-thiazoylazo) resorcinol [163, 164], N,N-dibutyl-N-benzoylthiourea 
(DEBT) [165], and di-(2-ethylhexyl phosphoric acid (D2EHPA) [166]. 
Chemical modification 
Azotization was employed to fiinctionalize (bis-2, 3, 4-trihydroxybenzyl)ethy-
lenediamine (BTBED) [167], 2-{[l-(3, 4-Dihydroxyphenyl)methylidene]amino}-
benzoic acid (DMABA) [168], 4-{[(2-Hydroxyphenyl)imino]methyl}-l,2-
benzenediol (HIMB) [169] and Nitrosonaphthol [170] on to Amberlite XAD-16. D. 
Prabhakaran et. al. inunobilized l,3-dimethyl-3-aminopropan-l-ol onto Amberlite 
XAD-16 via simple condensation mechanism[171]. 
E. Divinylbenzene-vinylpyrrolidone copolymers (polymeric organic sorbents) 
Sorbents made of divinylbenzene-vinylpyrrolidone (DVB-VP) copolymers 
have recently been developed, such as Oasis HLB [172]. The hydrophilic A^-
vinylpyrrolidone affords good wettability of the resin, while the hydrophobic 
divinylbenzene provides reversed-phase retention of analytes. This sorbent has been 
successfully applied to the determination of polar organic compounds in water 
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samples. It is more convenient to use, compared to classical sorbents, as it can dry out 
during the extraction procedure without reducing its ability to retain analytes. In 
addition, it is stable over the entire pH range. However, until now, no application 
related to the preconcentration of trace elements has been reported. Similarly, the use 
of Oasis MCX, a sulfonated divinylbenzenevinylpyrrolidone copolymer [172] may be 
useful for the retention of trace element species, as this sorbent combines the 
properties of the previous sorbent with those of a strong cation-exchanger. 
Application to the preconcentration of triphenyltin has been reported [173]. 
F. Polyacrylate polymers (polymeric organic sorbents) 
Amberlite XAD-7 and XAD-8 are ethylene-dimethacrylate resins. They are 
non-aromatic in character and possess very low ion-exchange capacity. Due to the 
polarity of acrylates, such resins enable the recovery of polar compounds. However, 
this polarity is quite moderate so that most of the time reagents are added to increase 
retention. Direct addition to the sample is sometimes performed. As an example, 
Cu(II) forms a complex with 8-hydroxyquinoline-5-sulfonic acid (8-HQ-5-SA), which 
can be further retained on Amberlite XAD-8 as an ion-pair with 
cetyltrimethylammonium (CTA) [59]. Yet, most of the time chelating reagents have 
been loaded on such resins, mainly Amberlite XAD-7, to increase their retention 
capacity for trace elements and or their selectivity such as 8-(benzenesulfonamido) 
quinoline (BSQ) [174], xylenol orange (XO) [175, 176], 5-BrPADAP [148]or 
dimethylglyoxal bis(4-phenyl-3-thiosemicarbazone) (DMBS) [177]. Such loaded 
sorbents are stable for several months and can be reused. For a higher stability, 
chemical binding of the chelating group may be performed, as reported for dithizone 
on poly (ethylene glycol dimethacrylate hydroxyethylmethacrylate) microbeads [178]. 
G. Polyurethane polymers (polymeric organic sorbents) 
Due to its sorption capacity for several trace elements polyurethane foam has 
been tested for use in SPE. Most of the time complexing reagents are added to 
enhance the sorption capacity. .Hence, PUF coated with DMG, NN, DDTC or 
hexamethylenedithiocarbamate (HMDC) was found efficient in retaining trace 
elements [178-181]. The chelating reagent can also be directly added to the sample, 
and the metal chelates further retained on PUF, as observed with thiocyanate 
complexes [182- 184] and DDTP complexes [185]. Very recently, the immobilization 
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of an enzyme (alkaline phosphatase) has been reported on PUF with further 
application as an enzymatic procedure for Pb(II) determination [186]. 
H. Polyethylene polymers (polymeric organic sorbents) 
Polyethylene is also attractive for SPE of trace elements as this support 
adsorbs several metals complexed with hydrophobic ligands. Additionally, the 
adsorbed complexes can be eluted with a small volume of organic solvents permitting 
high enrichment factors. Polyethylene can also be used in strongly acidic and basic 
media. Therfore, it has been used as a sorbent for the retention of chromium in an 
acidic medium after the addition of DPC [187]. 
I. Polytetrafluoroethylene polymers (polymeric organic sorbents) 
PTFE can retain trace elements after addition of a chelating reagent to the 
sample such as APDC, DDTC or dithizone (DZ) [182-186]. The sorbent can be used 
as PTFE turnings [187-189]. PTFE may also be precoated with a suitable ligand, like 
2-methyl- 8-hydroxyquinoline [190]. 
J. Polyamide polymers (polymeric organic sorbents) 
Polyamide polymers have been used for the retention of rare earth elements 
[191]. A chelating reagent was added to the sample for complexing the trace 
elements. This reagent Thorin (o-3, 6-disulfo-2-hydroxy-
Inaphthylazoxbenzenearsonic acid) was chosen to enable interaction with the sorbent 
through electrostatic forces and non-hydrophobic interaction. 
K. Iminodiacetate-type chelating resins (polymeric organic sorbents) 
Polymeric resins containing iminodiacetate groups -CH -N(CH COO) as 
active sites have been widely used for the retention of trace elements. They have been 
synthesized by bonding the iminodiacetate functional groups to several polymeric 
sorbents, such as polystyrene (Chelex-100) [55, 192-198] or a highly crosslinked 
agarose gel (IDA-Novarose) [199]. The spacer arm length was found to have an effect 
on the formation of metal complex species in the chelating resin [56]. A major 
drawback of such sorbents is that, due to the weak acid character of the functional 
group, the degree of protonation will critically affect the ability of the resin to retain 
metal cations. Hence, for Chelex-100, protonation of the carboxylates and the donor 
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N atom are reported to be complete at pH 2.21, while a completely deprotonated form 
is reached at pH 12.30. Moreover, such sorbents are non-selective, so that trace 
element retention may be reduced due to retention of major ions (namely Ca and 
Mg^ "^  [194, 200]. The presence of ligands in the sample may prevent trace element 
retention on the sorbent due to their complexation as observed in real waters due to 
the presence of organic matter [196,201]. 
L. Propylenediaminetetraacetate-type chelating resins (polymeric organic 
sorbents) 
The synthesis of a fine-particle macroporous polymer-based 
propylenediaminetetraacetic acid (PDATA) type resin has been recently reported 
[202]. The structure of this sorbent is very similar to that of ethylene diamine 
tetraacetic acid (EDTA) with a spacer arm enabling the retention of several trace 
elements upon chelation. 
M. Polyacrylonitrile based resins (polymeric organic sorbents) 
Polyacrylonitrile fibers have been fimctionalized to obtain ion-exchange 
chelating sorbents with aminophosphonic, dithiocarbamate or aminothiourea groups 
[203, 204]. However, as such synthesis are time consuming an alternative is to coat 
the polyacrylonitrile fiber with a proper reagent for fiirther trace element retention 
such as 8-HQ [205,206]. 
N. Ring-opening metathesis polymerization based polymers (polymeric organic 
sorbents) 
A high-capacity carboxylic acid fimctionalized resin has been prepared using 
ring-opening metathesis polymerisation (ROMP) [207]. Electron microscopy revealed 
that the obtained material consists of irregularly shaped, agglomerated particles 
having a non-porous structure with diameter and specific surface area dependent on 
the polymerisation sequence and the stoichiometrics. This material was pH stable and 
could be reused. The presence of the carboxylic groups confers an excellent 
hydrophilic character to the sorbent (ensuring a high wettability of the sorbent by 
water), while the polyunsaturation of the carrier chain, as well as the entire backbone 
provides for a significant reversed-phase character. The carboxylic acid groups 
provide weak coordination sites enabling the retention of rare earth elements. 
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Similarly, dipyridyl amide-functionalized resins have been reported to allow the 
extraction o f soft' metals such as Pd(II) and Hg(II) [208]. 
O. Carbon sorbents (non-polymeric organic sorbents) 
Activated carbon is prepared by low-temperature oxidation of vegetable 
charcoals. Due to their large surface areas (300-1000 m^ g''), these sorbents are well-
recognized for their very strong sorption both for trace organic compounds and trace 
elements. There is evidence of two types of adsorption sites on activated carbons: 
(1) graphite-like basal planes that enable adsorption through van der Waals forces, 
especially p-electron interactions, and 
(2) Polar groups like carbonyls, hydroxyls and carboxyls, which may interact via 
ionic interaction of hydrogen bonding [209]. 
Consequently, trace elements may be directly adsorbed on activated carbon 
[63, 210]. Metal chelates may also be retained on this sorbent after addition of a 
proper chelating agent to the sample [61] such as amino acids [211], dithizone [212], 
APDC [213, 214], PAN [215], 8-hydroxyquinoline [216], Bismuthiol 11 (3-phenyl-5-
mercapto-l,3,4-thiadiazole-2(3H)-thione) [217] or DDTP [185, 218]. The ligand 
should be chosen to avoid a strong interaction with the activated carbon otherwise 
complete dissociation of the metal chelate would be observed [209]. The main 
drawback of using activated carbons is their heterogeneous surface with active 
fiinctional groups that often leads to low reproducibility. In addition, these sorbents 
are very reactive and can act as catalysts for oxidation and other chemical reactions. 
Fortunately, along with the development of polymer materials and bonded phases, a 
new generation of carbon sorbents appeared in the 1970s and 1980s with a more 
homogeneous structure and more reproducible properties. Graphitized carbon blacks 
(GCB) are obtained from heating carbon blacks at 2700-3000 °C in an inert 
atmosphere [219]. They are nonspecific and non-porous sorbents (surface area 
approx. 100 m g'), and are considered to be both reversed-phase sorbents and anion-
exchangers due to the presence of positively charged chemical heterogeneities on 
their surface. Such sorbents have been extensively used in the past few years for the 
SPE of polar organic pollutants from water samples [220], but their use for trace 
elements is still rare [221]. Their main drawbacks are possible irreversible retention 
of analytes, which may be overcome by elution in the backflush mode, and poor 
mechanical stability. Porous graphitized carbon (PGC) is a more stable carbon based 
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sorbent than GCB as the graphite is immobilized on a silica substrate. Therfore, this 
sorbent should be suitable for trace element retention even though its applications 
have been limited to trace organic compounds. 
P. Cellulose (non-polymeric organic sorbents) 
Cellulose was found effective in retaining trace elements present in water 
samples either directly or upon addition of a chelating agent to the sample [222, 223]. 
In particular, the selective retention of Cr^ ^ was reported thereby enabling chromium 
speciation [222]. This sorbent may also be functionalized to increase the SPE 
selectivity. Thus, selenium speciation has been reported on cellulose functionalized 
with quaternary amine due to the selective elution of the retained Se ^ and Se ^ 
species using nitric acid at two different concentrations [224]. 
Q. Naphthalene based sorbents (non-polymeric organic sorbents) 
Retention of trace elements on microcrystalline naphthalene is also feasible, 
either after addition of a ligand to the sample [225], or after ftmctionalization of the 
solid to ensure better adsorption characteristics towards trace elements [226, 227]. 
However, the use of this solid support is rather uncommon. In addition, until now it 
has been reserved to batch experiments. 
Molten Solid Technique 
Fujinaga et al [228] developed a method known as 'solid-liquid separation 
after liquid-liquid extraction'. In this method, water insoluble and thermally stable 
metal-complexes were extracted into molten organic solids such as naphthalene or 
benzophenone by heating the solution until the organic solid melts. Upon cooling the 
solution, the organic phase separated as solid along with the complex. This mass was 
dissolved in a suitable organic solvent and the solution was directly taken to 
spectrophotometer for quantification. 
The major advantages of this method are: 
> The extraction is achieved in a few seconds merely by contact of the metal 
complex with the molten phase. 
> The metal complex can be extracted from a large volume of the aqueous 
phase into a small amount of the organic solid (0.5-2.0 g). 
> Phase separation is quantitative since the organic phase is solid at room 
temperature. 
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Puri et al [229] reviewed the analytical applications of this technique, therein, 
references are cited. However, the limitation of this method is that it cannot be applied 
to the extraction of the thermally imstable complexes and is inconvenient since the 
extraction is carried out at high temperature. 
Microcrystalline Solid Technique 
Satake et al [230] found that naphthalene in acetone solution upon mixing 
with aqueous phase yields microcrystals of naphthalene, which had an excellent 
adsorption characteristic towards various metal chelates. Bums et al [231, 232] 
reported that microcrystals of benzophenone had excellent collection properties of 
various ion-pair complexes. The advantages of this technique are same as that of 
molten technique. In addition to that, this is rapid and unnecessary heating is avoided 
here. However, filtration of small amoimt of solid mass may cause error in the 
determination. Microcrystalline naphthalene has been tried as column material for the 
preconcentration of metal ions as their metal-complexes. It has also been reported that 
depending upon the charge of the metal-chelate to be preconcentrated, incorporation 
of suitable counter ion in the column along with the microcrystalline naphthalene, 
increased the retention capacity of metal ions [233]. The co-precipitate of 
microcrystalline naphthalene and water insoluble chelating reagent has been used as 
column material for the preconcentration of metal ions directly from their aqueous 
solution [234]. Under certain conditions, the water soluble complexing reagent has 
been made to co-precipitate along with microcrystalline naphthalene in the presence 
of suitable bulky counter ion by forming a water insoluble ion-pair. The resultant 
solid mass has been used as the colunm material [235]. 
R. Molecularly Imprinted Polymers (MIP) 
SPE sorbents that are very selective for a specific analyte are produced by 
preparing MIPs in which the target analyte is present as a molecular template when 
the polymer is formed. Sellergren [236] is credited with first reporting of the use of 
MIP sorbents for SPE. MIP sorbents are prepared by combining the template 
molecule with a monomer and a cross-linking agent that causes a rigid polymer to 
form around the template. When the template is removed, the polymer has cavities or 
imprints designed to retain the analyte selectively. Retention of the analyte on these 
sorbents is due to shape recognition, but other physicochemical properties, including 
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hydrogen bonding, ionic interactions, and hydrophobic interactions, are important to 
retention as well [237]. MIP-SPE sorbents are stable in both aqueous and organic 
solvents and are very selective for the analyte of interest. Increased selectivity relative 
to other sorbents produces increased sensitivity because larger sample volumes can be 
extracted. Also, increased selectivity results in efficient sample cleanup of the analyte 
in the presence of complex biological or environmental matrix interferences. 
However, desorption is usually more difficult if any sorbent has increased affinity for 
the analyte. One problem noted in MIP-SPE is incomplete removal of the template 
molecule from the polymer, resulting in leaching of the analyte during subsequent 
trace analyses. Stringent cleanmg of the sorbent and analytical confirmation of the 
lack of interfering compound can reduce this problem. 
1.4.7 Important experimental parameters 
The main experimental variables that affect analyte recovery by SPE have been 
extensively reported in previous work [47, 236, 237]. They are briefly discussed 
below and illustrated with reported applications. 
A. Conditioning parameters 
Washing step 
A washing step is highly recommended, especially when ultratraces of 
elements are to be determined. Thus, blank extracts containing trace levels of Zn, Cu 
and Fe were suspected to be due to contaminants firom C18-silica [88]. 
Conditioning solvent 
Even though some sorbents have been used without a conditioning step this is 
not recommended. This step will at least remove possible remaining contaminants and 
air from the sorbent bed. Additionally, in some cases, this step is crucial for 
successful retention of the analytes. The nature of the conditioning solvent must be 
appropriate to the nature of the solid sorbent to ensure good wettability of the 
functional groups. As an example with hydrophobic supports such as C18-silica or 
PS-DVB, quite polar organic solvents such as methanol should be used. The sorbent 
should further be conditioned by a solvent whose nature is similar to that of the 
sample. Thus, for aqueous samples, the solvent will be water with a pH and ionic 
strength similar to that of the sample. 
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B. Loading parameters 
Sample volume to be percolated 
An important parameter to control in SPE is the breakthrough volume, which 
is the maximum sample volume that should be percolated through a given mass of 
sorbent after which analytes start to elute from the sorbent resulting in non-
quantitative recoveries (Figure 1.5). The breakthrough volume is strongly correlated 
to the chromatographic retention of the analyte on the same sorbent and depends on 
the nature of both the sorbent and the trace element, as well as on the mass of sorbent 
considered and the analyte concentration in the sample [47]. In addition, it depends on 
the sorbent containers, as disks usually offer higher breakthrough volumes than 
cartridges. This volume may be determined experimentally or estimated using several 
methods [239]. For that purpose the nature of the sample has to be taken into account, 
as the possible presence of ligands may dramatically reduce the breakthrough volume 
[240]. 
Sample flow-rate 
The sample flow-rate should be optimized to ensure quantitative retention along with 
minimization of the time required for sample processing. This parameter may have a 
direct effect on the breakthrough volume, and elevated flow-rates may reduce the 
breakthrough volume [48, 241]. As a rule, cartridges and colvmins require lower 
maximimi flow-rates than disks ranging typically from 0.5 to 5 mL min"'. This value 
may be increased by a factor of 10 using disks. 
Effect ofpH of the sample 
Sample pH is of prime importance for efficient retention of the trace elements 
on the sorbent. Its influence strongly depends on the nature of the sorbent used. 
Carefiil optimization of this parameter is thus crucial to ensure quantitative retention 
of the trace elements and in some cases selective retention. In particular with 
ionexchangers, correct adjustment of sample pH is required to ensure 
preconcentration. Thus, in the case of cationic-exchangers, low pH usually results in 
poor extraction due to competition between protons and cationic species for retention 
on the sorbent. When retention of trace elements is based on chelation (either in the 
sample or on the solid sorbent), the sample pH is also a very important factor as most 
chelating iigands are conjugated bases of weak acid groups and accordingly, they 
have a very strong affinity for hydrogen ions. The pH will determine the values of the 
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Figure 1.5 Typical representation of the breakthrough curve (i.e. concentration of the 
analyte at the outlet of the SPE system vs. sample volimie percolated 
through the system). 
VB is the breakthrough volume, VR the chromatographic elution volume, Vc the 
sample volume corresponding to the retention of the maximirai amount of analyte and 
Co is the initial analyte concentration in the sample. 
have a very strong affinity for hydrogen ions. The pH will determine the values of the 
conditional stability constants of the metal complexes. By contrast, pH may have no 
influence with some non-ionizable organic ligands [241]. For inorganic oxides, pH is 
also of prime importance. In particular, on amphoteric oxides such as Ti02 or AI2O3, 
cations are adsorbed at elevated pHs due to the deprotonation of functional groups, 
whereas anion retention requires acidic conditions for the protonation of functional 
groups. 
Sample matrix 
The presence of ligands in the sample matrix may affect trace element 
retention when stable complexes are formed in the sample with these ligands, as trace 
elements are less available for further retention. Thus, if metals are present in the 
sample as strong complexes, they may not dissociate resulting in no retention of the 
free metal on the sorbent. As an example, reduction in the retention of Cu^ * on 
Amberlite CG50 occurs in the presence of ligands such as glycine [242]. In the case 
of real samples, the presence of natural organic matter is of great concern as it may 
complex trace elements as observed for Cu^ "^  [242, 243]. The most important class of 
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complexing agents that occurs naturally are the humic substances [244]. Their binding 
of metals through chelation is one of the most important environmental qualities. Yet, 
in some cases the presence of ligands may be a valuable tool for adding selectivity to 
the SPE step. This requires that the added ligands be correctly chosen to complex only 
the elements that are not of interest so that they are not retained on the sorbent [245]. 
The presence of ions other than the target ones in the sample may also cause problems 
during the SPE step. In particular, due to their usually high levels (e.g. Ca ), they 
may hinder the preconcentration step by overloading the sorbent or cause 
interferences during spectrophotometric analysis. Therefore, their influence should be 
studied before validating a SPE method. Sometimes the addition of a proper masking 
agent (such as EDTA, thiourea or ethanolamine for example) may prevent the 
formation of interferences due to ions present in the sample [246]. Finally, the ionic 
strength of the sample is another parameter to control for an efficient SPE, as it may 
influence the retention of trace elements, and thus the value of the breakthrough 
volume for a given sorbent [247,248]. 
C. Elution parameters 
Nature of the eluent 
The nature of the elution solvent is of prime importance and should optimally 
meet three criteria: efficiency, selectivity and compatibility, as discussed below. In 
addition, it may be desirable to recover the analytes in a small volume of solvent to 
ensure a significant enrichment factor. The eluent may be an organic solvent (when 
reversed-phase sorbents are used), an acid (usually with ion-exchangers), or a 
complexing agent. Firstly, the eluting solvent should be carefully chosen to ensure 
efficient recovery of the retained target species and quantitative recovery as far as 
possible. As an example among several solvents tested for the elution of TPhT from 
C18-silica (namely a Triton X-100 surfactant aqueous solution, acetonitrile, 
tetrahydrofuran (THF), methanol-water 80:20, methanol), only methanol enabled the 
achievement of acceptable recoveries (approx. 85%) [85]. A further characteristic of 
the elution solvent arises with the possibility of introducing selectivity. Using a 
solvent with a low or moderate eluting power, the less retained analytes can be 
recovered v^ athout eluting the strongly retained compounds. Thus, if the elements of 
interest are those that remain on the sorbent another elution step with a more eluent 
solvent will ensure their quantitative recovery. In that way interferent analytes were 
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removed during the first eluting step (also called washing step). On the opposite, if the 
compounds of interest are the less retained on the sorbent their elution with a low or 
moderate eluting solvent ensures their selective recovery, as the interferent 
compounds will remain on the sorbent due to stronger interactions with the solid 
support. In some cases, this selectivity may favour speciation. For example, 1 mol L" 
HCOOH removed only Se"*^  from an anion-exchange resin, leaving Se^ * retained on 
the sorbent, which was further eluted using 2 mol L"' HCl [63]. Finally, the elution 
solvent should be compatible with the analysis technique. In particular, when using 
both flame and electrothermal AAS, HNO3 should be prefened to other acids (namely 
H2SO4, HCl), as nitrate ion is a more acceptable matrix [246]. 
Effect ofpH ofeluent 
As retention of trace elements on solid sorbents is usually pH-dependent, 
careful choice of the elution solvent pH may enhance selectivity in the SPE 
procedure. As an example, once retained on Eriochrome black-T (ERT)-
functionalized- silica gel, Mg^ "^  could be eluted first at a pH approximately 4, while 
increasing the pH to 5-6 was required for eluting Zn [53]. 
Elution mode 
Most of the time, for practical reasons, sample loading and elution steps are 
performed in a similar manner. However, to avoid irreversible adsorption and ensure 
quantitative recoveries, elution in the backflush mode is recommended in some cases. 
This means that the eluent is pumped through the sorbent in the opposite direction to 
that of the sample during the preconcentration step. This is especially crucial when 
carbon-based sorbents have to be used due to possible irreversible adsorption of the 
analytes. 
Flow-rate ofeluent 
The flow-rate of the elution solvent should be high enough to avoid excessive 
duration, and low enough to ensure quantitative recovery of the target species. Typical 
flow-rates are in the range of 0.5 to 5 mL min'* for cartridges and of 1 to 20 mL min"' 
for disks [87]. As a rule, the higher the flow-rate, the larger the solvent volume 
required for complete elution [92, 94,241,249]. 
Volume ofeluent 
Similar to the breakthrough volume, the elution volume may be determined 
either experimentally or estunated theoretically [239]. Minimum elution volume for a 
cartridge is defined as 2 bed volumes of elution solvent. Bed volume is typically 120 
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mL per 100 mg of sorbent. For classical disks, the minimum solvent volume required 
is approximately 10 mL mg'' of sorbent [250]. Consequently, larger elution volumes 
would be required for disks. The elution volume can usually be reduced by increasing 
the concentration of the eluting solvent (e.g. acid). However, in this case, problems 
with subsequent analysis may be encountered (e.g. FAAS). Alternatively, the use of 
micro-sized disks may allow reduced solvent volume [250]. 
The elution step should enable sufficient time and elution volxime to permit the 
metallic species to diffuse out of the solid sorbent pores. As a rule, 2 elution cycles 
are usually recommended as compared to a single step (e.g. 2-5 mL elution should be 
preferred to a single 10 mL elution). Soaking time is also critical and 2 to 5 min soak 
is most of the time allowed before each elution. 
1.4.8 Advantages of SPE 
A. Reduced detection limit 
This step is used if the detection limit of the analytical technique is higher than 
the concentration of trace elements in the sample. Concentration often involves 
separation of the matrix or the bulk of it, and sometimes a number of interfering 
minor constituents as well. In a prepared concentrate, the relative concentration of 
trace elements is usually higher than in the initial sample. Moreover, the possibility of 
increasing the amount of sample analysed means that the absolute amounts of 
elements to be determined can also be increased. As a result, it is possible to reduce 
the detection limit of trace elements (sometimes very significantly; by a factor of 100 
or 1000). This is the main but not the only reason for the widespread use of 
preconcentration. 
B. Preparation of a representative sample 
Preconcentration is almost essential if trace elements are non-homogeneously 
distributed in the material. In this case, a representative sample must be quite large; it 
is difficuh to analyse it directly, especially if the method of determination needs a 
small sample as, for instance, spark-source mass-spectrometry or spectrochemical 
analysis. In many other cases, preconcentration with preliminary dissolution and 
production of a small volume of concentrate facilitates the preparation of a 
representative sample. Samples can be homogenized during other operations also. 
SPE enjoys superiority over solvent extraction as it is free from difficult phase 
46 
separation, which is caused by the mutual solubility between water and organic 
solvent layers. 
C. Facilitates calibration 
Concentration facilitates calibration, especially if there is a lack of standard 
reference materials. It makes it possible to obtain concentrates with identical matrices 
in analysis of quite different materials, for example, concentrates on carbon powder in 
spectrochemical analysis. Reference samples are prepared as concentrates of the same 
type. There is then no necessity to have standard reference materials for all substances 
analysed. Preconcentration with exhaustive removal of the matrix is desirable in the 
analysis of toxic, radioactive or, if the matrix can be recovered, very expensive 
materials. Moreover, it is convenient to add elements as internal standards, if 
necessary, during decomposition of the sample and concentration. Sometimes, 
preconcentration allows an increase in the number of trace elements which can be 
determined by a selected technique or makes it possible for the determination 
technique to be used at all. These advantages of preconcentration make it an important 
part of trace analysis. In spite of the progress in sensitive instrumental methods of 
direct analysis, the significance of concentration does not diminish. On the contrary, 
its possibilities increase, particularly because of new combinations with methods of 
determination. 
D. Other attractive features 
This technique is attractive as it reduces consumption of and exposure to 
solvents, their disposal costs and extraction time [251]. It also allows the achievement 
of high recoveries [192], along with possible elevated enrichment factors. However, 
as different results between synthetic and real samples may be observed [193], 
recoveries should be estimated in both cases as far as possible. Its application for 
preconcentration of trace metals from different samples is also very convenient due to 
sorption of target species on the solid surface in a more stable chemical form than in 
solution. Use of carcinogenic organic solvents is avoided and thus the technique is 
ecofriendly to nature. Finally, SPE affords a broader range of applications due to the 
large choice of solid sorbents. 
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E. High preconcentration factor 
The use of SPE enables the simultaneous preconcentration of trace elements and 
removal of interferences, and reduces the usage of organic solvents that are often 
toxic and may cause contamination. Upon elution of the retained compounds by a 
volume smaller than the sample volume, concentration of the extract can be easily 
achieved. Hence, concentration factors of up to 1000 may be attained. 
F. Preservation and storage of the species 
SPE allows on-site pre-treatment, followed by simple storage and transportation 
of the pre-treated samples with stability of the retained metallic species for several 
days [252, 238, 245]. This point is crucial for the determination of trace elements, as 
the transport of the sample to the laboratory and its storage until analysis may induce 
problems, especially changes in the speciation. In addition, the space occupied by the 
solid sorbents is minimal and avoids storage of bulky containers and the manpower 
required to handle them. 
G. Selective extraction 
SPE offers the opportvmity of selectively extracting and preconcentrating only 
the trace elements of interest, thereby avoiding the presence of major ions. This is 
crucial in some cases, such as with spectrophotometric detection, since the 
determination of heavy metals in surface waters may necessitate the removal of non-
toxic metals, such as Fe or Zn, when they occur at high concentrations [253]. It may 
also be possible to selectively retain some particular species of a metal, thereby 
enabling speciation. For example, salen I modified C18-silica is quite selective 
towards Cu(II) [87], while chemical binding of formylsalicylic acid on amino-silica 
gel affords selectivity towards Fe(III) [254]. This high selectivity may also be used to 
remove substances present in the sample that may hinder metal determination, such as 
lipid substances in the case of biological samples [173]. The chelating resin method is 
an economical method since it uses only a small amount of ligand and extraction 
solvent and this also increases the sensitivity of the system. 
H. Automation and possible on-line coupling to analysis techniques 
SPE can be easily automated, and several commercially available systems 
have been recently reviewed [173]. Home-made systems have also been reported 
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[255]. In addition, SPE can be coupled online to analysis techniques. On-line 
procedures avoid sample manipulation between preconcentration and analysis steps, 
so that analyte losses and risk of contamination are minimized, allowing higher 
reproducibility [256]. In addition, all the sample volume is further analyzed, which 
enables smaller sample volume to be used. However, in the case of complex samples, 
off-line SPE should be preferred due to its greater flexibility, and the opportunity to 
analyze the same extract using various techniques. 
1.4.9 Disadvantages of SPE 
Although, the advantages outweigh the disadvantages. Some of the demerits of 
preconcentration are as follows: 
> Preconcentration increases the analysis time and complicates the analysis. 
> It may also lead to losses of microelements to be determined or to 
contamination. 
> Special working procedures, reagents of high purity, specially equipped 
laboratories and special materials for equipment are necessary. 
1.5 Combination of preconcentration and determination 
Naturally, it is reasonable to combine multi-elemental determination methods 
with methods of group concentration. A collector (matrix for the concentrate) should 
meet as fully as possible the demands of the selected determination method: carbon 
powder for spectrographic analysis, organic extracts for flame atomic-absorption 
spectrometry, etc. There is no point in combining a high-precision determination 
method with a concentration method which does not give good precision, and vice 
versa. Two groups of analytical techniques can be distinguished, which result from 
combination of preconcentration and determination. 
In the techniques of the first group, the preconcentration and determination 
are not closely connected; in this case, more or less independent methods of 
concentration and determination are used. The properties of the concentrate do not 
substantially affect the determination. In such a case it is relatively unimportant which 
type of concentration method is used - ion-exchange, solvent extraction with 
subsequent stripping etc. 
The second group consists of the close combination of separation and 
determination in a somewhat different sense. The processes of separation and 
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determination can sometimes be combined in one instrument, as, for instance, in gas 
chromatographs. An analogous combination is achieved in modem high-pressure 
liquid chromatographs. In fact, analytical gas chromatographs are not used for 
separation as such but for analysis of mixtures, i.e. in the end for identification and 
determination of the components of the mixture. The combined methods of the second 
group may be called hybrid methods. 
Several analytical techniques such as neutron activation analysis (NAA), X-
ray fluorescence analysis (XRFA), mass spectrometry with inductively coupled 
plasma (ICP-MS), atomic emission spectrometry with inductively coupled plasma 
(ICP-AES), atomic absorption spectrometry with electrothermal atomisation (ETA-
AAS), atomic absorption spectrometry with flame atomisation (FAAS), atomic 
fluorescence spectrometry (AFS) and anodic/cathodic stripping voltammetry have 
been developed over the past two decades that are capable of determining the 
elements reliably at very low levels [257-259]. However, it would be naive to assume 
that all laboratories, which are required to carry out trace analysis, are equipped to 
such high standards. These instruments are quite expensive and cannot be procured in 
many laboratories, especially in developing countries. 
Some most frequently used combinations of preconcentration with some of the 
most important methods of determination may be described as follows: 
1.5.1 X -Ray fluorescence analysis 
In this case, group concentratration, and more rarely individual concentration, 
is used and the concentrate should preferably be a solid which can be analysed 
directly. Otherwise, several operations must be successively performed. Thus for 
example, extracts are often decomposed and the trace elements sorbed on cellulose 
powder or silica gel carrying fimctional groups. It is more convenient to do the 
extraction with low-melting reagents at increased temperature. In this case, the 
solidified concentrate may at once be pressed into a tablet and analysed [76]. 
1.5.2 Spectrophotometric determination 
Combinations of concentration, especially extractive, with spectrophotometry 
m the visible and ultraviolet regions are widely known. Individual concentration steps 
or successive separations of several elements are usually used. The matrix is very 
rarely separated in this case. Most fi-equently, the reagent used for concentration also 
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gives a coloured complex with the element to be determined [260]. However, two 
reagents may also be used: first, the most selective reagent is used for the separation 
and then, for the determination, a reagent which may not be selective but is the most 
suitable form the photometry is employed. The second reagent may also be added 
after back-extraction or mineralization of the extract. 
1.5.3 Neutron-activation analysis 
There are two distinct ways of trace concentration in this method: before 
irradiation and after it. Separation of the matrix before irradiation is necessary if it is 
strongly activated and the radioisotopes formed have long half-lives. In the 
concentration, trace components which are strongly activated (but are not to be 
determined) may also be separated. However, concentration before irradiation 
nullifies one of the main advantages of activation analysis-that a blank correction is 
unnecessary. This advantage is still valid, however, in the case of concentration after 
irradiation. In analytical practice, both variants are used but the second more 
fi-equently. 
1.5.4 Atomic-absorption spectrometry 
In analytical chemistry, atomic absorption spectroscopy is a technique for 
determining the concentration of a particular metal element in a sample [261]. The 
technique can be used to analyze the concentration of over 70 different metals in a 
solution. Although atomic absorption spectroscopy dates to the nineteenth century, the 
modem form was largely developed during the 1950s by a team of Australian 
chemists. They were led by Alan Walsh and worked at the CSIRO (Commonwealth 
Science and Industry Research Organisation) Division of Chemical Physics in 
Melbourne, Australia [262]. Moreover, preconcentration and separation can lead to a 
higher confidence level and easy determination of the trace elements by less sensitive, 
but more accessible instrumentation such as flame atomic absorption spectrometry 
(FAAS) [263]. The main advantage of this technique is the possibility of using a 
relatively simple detection system with flame atomization instead of a flameless 
technique, which require more expensive equipment and are usually much more 
sensitive to interferences fi-om macro components of various natural matrices [27]. 
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A. Principles 
The technique (Fig. 1.6) makes use of absorption spectrometry to assess the 
concentration of an analyte in a sample. It relies therefore heavily on Beer-Lambert 
law. 
In short, the electrons of the atoms in the atomizer can be promoted to higher 
orbitals for a short amount of time by absorbing a set quantity of energy (i.e. light of a 
given wavelength). This amount of energy (or wavelength) is specific to a particular 
electron transition in a particular element, and in general, each wavelength 
corresponds to only one element. This gives the technique its elemental selectivity. 
As the quantity of energy (the power) put into the flame is known, and the 
quantity remaining at the other side (at the detector) can be measured, it is possible, 
from Beer-Lambert law, to calculate how many of these transitions took place, and 




Figure 1.6 Atomic absorption spectrometer block diagram 
In order to analyze a sample for its atomic constituents, it has to be atomized. The 
sample should then be illuminated by light. The light transmitted is finally measured 
by a detector. In order to reduce the effect of emission from the atomizer (e.g. the 
black body radiation) or the environment, a spectrometer is normally used between 
the atomizer and the detector. 
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B.Types of Atomizer 
The technique typically makes use of a flame to atomize the sample[264], but 
other atomizers such as a graphite furnace [265] or plasmas, primarily inductively 
coupled plasmas, are also used[266]. 
When a flame is used it is laterally long (usually 10 cm) and not deep. The 
height of the flame above the burner head can be controlled by adjusting the flow of 
the fuel mixture. A beam of light passes through this flame at its longest axis (the 
lateral axis) and hits a detector. 
C. Analysis of liquids 
A liquid sample is normally turned into an atomic gas in three steps: 
> Desolvation (Drying) - the liquid solvent is evaporated, and the dry sample 
remains. 
> Vaporization (Ashing) - the solid sample vaporises to a gas. 
> Atomization - the compounds making up the sample are broken into free 
atoms. 
D. Radiation Sources 
The radiation source chosen has a spectral width narrower than that of the 
atomic transitions. 
Hollow cathode lamps 
Hollow cathode lamps are the most common radiation source in atomic 
absorption spectroscopy. Inside the lamp, filled with argon or neon gas, is a 
cylindrical metal cathode containing the metal for excitation, and an anode. When a 
high voltage is applied across the anode and cathode, gas particles are ionized. As 
volt^e is increased, gaseous ions acquire enough energy to eject metal atoms fi-om 
the cathode. Some of these atoms are in excited states and emit light wath the 
frequency characteristic to the metal [267]. Many modem hollow cathode lamps are 
selective for several metals. 
Diode lasers 
Atomic absorption spectroscopy can also be performed by lasers, primarily 
diode lasers because of their good properties for laser absorption spectrometry [268]. 
The technique is then either referred to as diode laser atomic absorption spectrometry 
(DLAAS or DLAS) [269], or, since wavelength modulation most often is employed, 
wavelength modulation absorption spectrometry. 
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E. Background Correction methods 
The narrow bandwidth of hollow cathode lamps makes spectral overlap rare. 
That is, it is vmlikely that an absorption line from one element will overlap with 
another. Molecular emission is much broader, so it is more likely that some molecular 
absorption band will overlap with an atomic line. This can result in artificially high 
absorption and an improperly high calculation for the concentration in the solution. 
Three methods are typically used to correct this: 
Zeeman correction 
A magnetic field is used to split the atomic line into two sidebands (see 
Zeeman effect). These sidebands are close enough to the original wavelength to still 
overlap with molecular bands, but are far enough not to overlap with the atomic 
bands. The absorption in the presence and absence of a magnetic field can be 
compared, the difference being the atomic absorption of interest. 
Smith-Hieftje correction (invented by Stanley B. Smith and Gary M. Hieftje) 
The hollow cathode lamp is pulsed with high current, causing a larger atom 
population and self-absorption during the pulses. This self-absorption causes a 
broadening of the line and a reduction of the line intensity at the original wavelength 
[270]. 
Deuterium lamp correction 
In this case, a separate source (a deuterium lamp) with broad emission is used 
to measure the background emission. The use of a separate lamp makes this method 
the least accurate, but its relative simplicity (and the fact that it is the oldest of the 
three) makes it the most commonly used method. 
1.6 Commonly employed techniques for characterization of sorbents/ 
chelating resins 
1.6.1 pH meter 
A.Working principle 
When one metal is brought in contact with another, a voltage difference occurs 
due to their differences in electron mobility. When a metal is brought in contact with a 
solution of salts or acids, a similar electric potential is caused, which has led to the 
invention of batteries. Similarly, an electric potential develops when one liquid is 
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brought in contact with another one, but a membrane is needed to keep such Uquids 
apart. 
A pH meter measures essentially the electro-chemical potential between a 
known liquid inside the glass electrode (membrane) and an unknown liquid outside. 
Because the thin glass bulb allows mainly the agile and small hydrogen ions to 
interact with the glass, the glass electrode measures the electro-chemical potential of 
hydrogen ions or the potential of hydrogen. To complete the electrical circuit, also a 
reference electrode is needed. Note that the instrument does not measure a current but 
only an electrical voltage, yet a small leakage of ions from the reference electrode is 
needed, forming a conducting bridge to the glass electrode. A pH meter must thus not 
be used in moving liquids of low conductivity (thus measuring inside small containers 
is preferable). 
The pH meter measures the electrical potential between the mercuric chloride 
of the reference electrode and its potassium chloride liquid, the unknown liquid, the 
solution inside the glass electrode, and the potential between that solution and the 
silver electrode. But only the potential between the unknown liquid and the solution 
inside the glass electrode change from sample to sample. 
1.6.2 Fourier Transform-IR Spectrometer 
By interpreting the infrared absorption spectrum, the chemical bonds in a 
molecule can be determined. FTIR spectra of pure compounds are generally so unique 
that they are like a molecular "fingerprint". While organic compounds have very rich, 
detailed spectra, inorganic compounds are usually much simpler. For most common 
materials, the spectrum of an unknown can be identified by comparison to a library of 
known compounds. 
A. Physical Principles 
Molecular bonds vibrate at various frequencies depending on the elements and 
the type of bonds. For any given bond, there are several specific frequencies at which 
it can vibrate. According to quantum mechanics, these frequencies correspond to the 
ground state (lowest frequency) and several excited states (higher frequencies). One 
way to cause the frequency of a molecular vibration to increase is to excite the bond 
by having it absorb light energy. For any given transition between two states the light 
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energy (determined by the wavelength) must exactly eqttat^'ttfe^ifference in the 
energy between the two states (usually ground state and the first excited state). 
B. Sample Preparation 
Samples for FTIR can be prepared in a number of ways. For liquid samples, 
the easiest is to place one drop of sample between two plates of sodium chloride 
(salt). Salt is transparent to infrared light. The drop forms a thin film between the 
plates. Solid samples can be milled with potassium bromide (KBr) to form a very fine 
powder. This powder is then compressed into a thin pellet which can be analyzed. 
KBr is also transparent in the IR. Alternatively, solid samples can be dissolved in a 
solvent such as methylene chloride, and the solution placed onto a single salt plate. 
The solvent is then evaporated off, leaving a thin film of the original material on the 
plate. This is called a cast film, and is frequently used for polymer identification. 
Solutions can also be analyzed in a liquid cell. This is a small container made 
from NaCl (or other IR-transparent material) which can be filled with liquid, such as 
the extract for EPA 418.1 analysis. This creates a longer path length for the sample, 
which leads to increased sensitivity. Sampling methods include making a mull of a 
powder with hydrocarbon oil (Nujol) or pyrolyzing insoluble polymers and using the 
distilled pyrolyzate to cast a film. Materials can be placed in an Attenuated Total 
Reflectance (ATR) cell and gases in gas cells. The energy corresponding to these 
transitions between molecular vibrational states is generally 1-10 kilocalories/mole 
which corresponds to the infrared portion of the electromagnetic spectrum. 
1.6 J Thermogravimetric and differential thermal analysis (TGA and DTA) 
A. Working principle 
Differential thermal analysis (or DTA) is a thermoanalytic technique, similar 
to differential scanning calorimetry. In DTA, the material under study and an inert 
reference are made to undergo identical thermal cycles, while recording any 
temperature difference between sample and reference. This differential temperature is 
then plotted against time, or against temperatiire (DTA curve or thermogram). 
Changes in the sample, either exothermic or endothermic, can be detected relative to 
the inert reference. Thus, a DTA curve provides data on the transformations that have 
occurred, such as glass transitions, crystallization, melting and sublimation. The area 
56 
under a DTA peak is the enthalpy change and is not affected by the heat capacity of 
the sample. 
B. Technical features 
A DTA consists of a sample holder comprising thermocouples, sample 
containers and a ceramic or metallic block; a furnace; a temperature programmer; and 
a recording system. The key feature is the existence of two thermocouples connected 
to a voltmeter. One thermocouple is placed in an inert material such as AI2O3, while 
the other is placed in a sample of the material under study. As the temperature is 
increased, there will be a brief deflection of the voltmeter if the sample is undergoing 
a phase transition. This occurs because the input of heat will raise the temperature of 
the inert substance, but be incorporated as latent heat in the material changing phase. 
C. Working principle 
Thermogravimetric Analysis or TGA is a type of testing that is performed on 
samples to determine changes in weight in relation to change in temperature. Such 
analysis relies on a high degree of precision in three measurements: weight, 
temperature, and temperature change. As many weight loss curves look similar, the 
weight loss curve may require transformation before results may be interpreted. A 
derivative weight loss curve can be used to tell the point at which weight loss is most 
apparent. 
D. Technical features 
The analyzer usually consists of a high-precision balance with a pan 
(generally platinimi) loaded with the sample. The pan is placed in a small electrically 
heated oven with a thermocouple to accurately measure the temperature. The 
atmosphere may be purged with an inert gas to prevent oxidation or other undesired 
reactions. A computer is used to control the instrument. 
Analysis is carried out by raising the temperature gradually and plotting 
weight against temperature. The temperature in many testing methods routinely 
reaches 1000°C or greater, but the oven is so greatly insulated that an operator would 
not be aware of any change in temperature even if standing directly in front of the 
device. After the data is obtained, curve smoothing and other operations may be done 
such as to find the exact points of inflection. 
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In today's market most manufactures no longer make a true DTA but rather 
have incorporated this technology into a Thermogravimetric analysis (TGA), which 
provides both mass loss and thermal information. With today's advancements in 
software, even these instruments are being replaced by true TGA-DSC instruments 
that can provide the temperature and heat flow of the sample, simultaneously with 
mass loss. 
1.6.4 Elemental analyzer 
A. Significance 
Elemental analysis is a process where a sample of some material (e.g., soil, 
waste or drinking water, bodily fluids, minerals, chemical compounds) is analyzed for 
its elemental and sometimes isotopic composition. Elemental analysis can be 
qualitative (determining what elements are present), and it can be quantitative 
(determining how much of each are present). Elemental analysis falls within the ambit 
of analytical chemistry, the set of instruments involved in deciphering the chemical 
nature of our world. For organic chemists, elemental analysis or "EA" almost always 
refers to CHNX analysis; the determination of the percentage weights of carbon, 
hydrogen, nitrogen, and heteroatoms (X) (halogens, sulfur) of a sample. This 
information is important to help determine the structure of an unknown compound, as 
well as to help ascertain the structure and purity of a synthesized compound. 
B. Analysis of results 
The analysis of results is performed by determining the ratio of elements from 
within the sample, and working out a chemical formula that fits with those results. 
This process is useful as it helps determine if a sample sent is a desired compound and 
confirms the purity of a compound. The accepted deviation of elemental analysis 
results from the calculated is 0.4%. The method for working out the ratio of elements 
from the results is shown below: 
> The percentage of each element found is divided by the element's mass. 
> The value obtained for each element in step 1 is divided by the smallest value 
> The results in step 2 is multiplied by a factor to obtain reasonable values for 
either carbon or nitrogen and then compare to what was expected from a pure 
sample of the compound that was thought to be submitted 
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1.7 Statistical Treatment of Data 
Analytical chemistry besides providing the methods and tools needed for 
insight into our material world [271], seeks to improve the reliability of existing 
techniques to meet the demands for better chemical measurements which arise 
constantly in our society [272]. Statistical analysis is necessary to understand the 
significance of collected data and to set limitations on each step of the analysis. The 
design of experiments is determined from proper understanding of what the data will 
represent. It is impossible to perform chemical analysis that is totally free from errors, 
or uncertainties. Every measurement is influenced by many uncertainties, which 
combine to produce a scatter of results. It is seldom easy to estimate the reliability of 
experimental data. However, the probable magnitude of the error in a measurement 
can often be evaluated statistically. Limits within which the true value of a measured 
quantity lies at a given level of probability can then be defined. 
Chemical analyses are affected by at least two types of errors namely 
systematic and random based on their source. Systematic errors have definitive value, 
assignable cause and unidirectional of nature. Systematic errors can be reduced to a 
negligible level if an analyst pays careful attention to the details of the analytical 
procedure including methods, periodic calibration of the instruments and self 
discipline. Random errors are the accumulated effect of the individual indeterminate 
uncertainties. It is caused by the uncontrollable variables that are an inevitable part of 
physical and chemical measurement. It causes the data to scatter more or less 
symmetrically around the mean in a random manner which are assumed to be 
distributed according to the normal error law (Gaussian curve). They are revealed by 
small differences in replicate measurements of a single quantity and affect the 
precision of the results. They are more difficult for an analyst to eliminate, but they 
can be minimized by increasing the number of replicate measurements. The random 
error in the result of an analysis can be evaluated by the method of statistics [273]. 
The most common applications of statistics to analytical chemistry include: 
> To establish confidence limits for the mean of a set of replicate data. 
> To determine the number of replicate measurements required to decrease the 
confidence limit for a mean to a given probability level. 
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>To determine at a given probability whether an experimental mean is different 
from the accepted value for the quantity being measured (The t test or test for 
bias in an analytical method). 
>To determine at a given probability level whether two experimental means 
(different methods) are different. 
> To determine at a given probability level whether the precision of two sets of 
measurements differs. 
> To decide whether a questionable data is probably the result of a gross error 
and should be discarded in calculating a mean (The Q test). 
> To define an estimate detection limit of a method. 
The commonly used terms in the statistical analysis 
Mean: The mean ( x ) is obtained by dividing the sum of the replicate measurements 
(Sxi) by the number of observations (N) performed in a set. The mean is considered to 
be the best estimate of the true value, which can only be obtained if an infinite 
number of measurements are performed. 
If^ (1.4) 
N 
Accuracy: The term accuracy as used in analytical chemical literature is a measure of 
the degree to which a mean ( x ) obtained from a series of experimental 
measurements, agrees with the value, which is accepted as the true or correct value for 
the quantity. 
Precision: Precision describes the agreement between two or more measurements that 
have been carried out in exactly the same fashion. Precision is expressed as standard 
deviation, variance or coefficient of variation. 
Standard deviation: Standard deviation (s) measures how closely the data are 
clustered about the mean. When measurements are repeated, the scatter of the results 
will be around the expected value of the resuhs, if no bias exists. 
, = H'> -^y (1-5) 
V A ^ - l 
In analytical chemistry, this scatter is more often than not of such a nature that it can 
be described as a normal distribution. The mean gives the centre of the distribution. 
Standard deviation measures the width of the distribution. Therefore, an experimental 
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technique that produces a small standard deviation is more reliable (precise) than one 
that produces a large standard deviation provided that they are equally accurate. The 
square of the standard deviation, s^ , is known as variance. 
Coefficient of variation: Precision is more often expressed as the coefficient of 
variation which is the standard deviation divided by the average and multiplied by 
100. Since the average and standard deviation have same dimension, the coefficient of 
variation is dimensionless; it is only a relative measure of precision. Therefore, it is 
sometimes also known as relative standard deviation (RSD). 
i?5/) = ~xlOO (^ -^ ^ 
X 
Confidence limit and confidence interval: Calculation of s (standard deviation) for a 
set of data provides an indication of the precision inherent in a particular method of 
analysis. But unless there is a large number of data, it does not by itself give any 
information about how close the experimentally determined mean ( x) might be to the 
true mean value |i (population mean). Statistical theory, though, allows us to estimate 
the limits within which the true value for, within a given degree of probability. These 
limits are called confidence limits. The likelihood that the true value lies within the 
range is called confidence level or probability usually expressed as a recent. 
Confidence limit for )j = 3c + - ^ (\ 7) 
where t is the student's t value which depends on the desired confidence level and this 
equation holds when o, population standard deviation is not knovra. 
Correlation coefficient: The correlation coefficient is a measure of the linear 
relationship between two variables. In order to establish the linear relationship 
between variables xi and y, the Pearson's correlation coefficient r is used. The r may 
have values between +1 and - 1 . When the r is +1, there is a perfect correlation, i.e. an 
increase in one variable is associated with an increase in the other. When the r is - 1 , 
there is perfect negative correlation, i.e., one variable increases where as the other 
decreases. When r is zero, one variable has no linear relationship to the other. 
The correlation coefficient r is calculated using the equation 
Vr^-' -i^^iYf^^y' -{^y^y 
61 
Regression equation: When two variables exhibit a linear relationship, we may be 
interested in quantifying the relationship so that a value of one variable may be 
estimated from the other. A common example is the construction of calibration curve, 
which relates the concentration of analyte to absorbance or any measurable property. 
The least square curve fitting technique is the most commonly accepted mathematical 
procedure known for this purpose. The equation derived by this technique produces a 
line whose position is such that the sum of the squares of the vertical distances of each 
data point to the line is a minimum if the line is to be used to predict y from values of 
X, or the sum of the squares of the horizontal distances is a minimum if x is to be 
predicted from y. 
If y = bx + a represents the equation for a straight line, where y is dependent 
variable and x is independent variable, then slope 'b' and intercept 'a' are derived from 
the following equations [273-275]. 
i="^'>''-^-^^' -—(1.9) 
a=y-bx —(1-10) 
1.8 Significance of the present work 
Sorption method, namely solid phase extraction, for preconcentration in 
combination with spectrophotometry and Atomic absorption spectrometry, for 
determination, has been developed as the technique. 
SPE has found its most effective use as a sample clean-up and concentration 
method prior to fiirther analysis. 
In the present work, new chemically-modified polystyrene-divinyl benzene 
resms are prepared, which are hydrophillic and hence facilitates faster equilibrium (of 
solute between solid and aqueous phases) therby enhancing the extraction ability. The 
modification of the polystyrene-divinyl benzene adsorbent resin has been 
accomplished through azotization reaction, by conventional reaction techniques, as 
well as through surface adsorption with a mind to get a resin with a neutral organic 
hydrophilic group that is capable of exhibiting chelating properties. Amberiite XAD-4 
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resins have been successfully used as the polymeric support in previous works (Table 
1,2). Hence, we have used the same because of its good surface area (725 m g"). The 
functional groups used satisfactorily for this work were l-(2-pyridylazo)-2-naphthol, 
phthalic acid and p-hydroxybenzoic acid. It is important to note that these 
functionalized groups are neutral, that is they bear no positive or negative charge but, 
however, they possess the characteristic features of a chelating agent. This is 
important in order to allow for effective contaminant removal of the inorganics since 
either anionic or cationic charged resins may often pick up undesirable materials that 
are present such as other matrices. However, neutral functionalized or modified resins 
such as those described herein act differently than charged resins and take up the 
inorganics by adsorbtion/chelation rather than ion exchange. The chelating resin can 
be used in the form of beads, pellets or any other form desirable for use, most often in 
a colunrn. The chelating resin and the aqueous solution containing the heavy metals 
along with other matrices may be contacted using both batch and column methods 
which would result in intimate contact between the resin and the solution. The 
columns used for extractions were packed with 100 to 500 mg of resin. Varying 
volume of aqueous solutions of a sample, containing metals in the concentration of 
the order of parts per million, is passed through the column at the optimum flow rate 
whereby the solute gets retained onto the resin. After the solution has been passed, the 
colimm is washed with distilled water. The resin can be regenerated by washing out 
the retained metals with common eluents such as mineral acids alone or in 
combination with some organo-cum-hydrophilic solvents. After the elution step, the 
resin can be reused for further experiments. 
The designing and characterization of these four Amberlite XAD-4 based 
chelating resins and the investigation of their metal sorption behaviour with their 
subsequent applications for analysis of various real samples containing varying 
complex matrices define the scope of the present thesis. 
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Table 1.2 
Reagents used as chelating agents for modification of Amberlite XAD-4 resin 
Reagent Resin Instrument coupled 

































































Cd(II), Cu(II), Mn(II), 
Ni(II), Pb(II), Zn(II) 
Cd(II), Co(II), Cu(ll), 
Ni(II), Zn(II) 
Cd(II), Co(II), Cu(ll), 
Zn(II) 
Cu(II), Fe(II), Pb(Il), 
Ni(ll), Cd(II), Bi(ll) 




Cd(II), Cu(II), Ni(ll), 
Pb(II), Cr(III), Mn(II) 
Cu(II), Pb(II), Bi(II) 
U(VI) 




Cd(II), Cu(II), Mn(II), 





A-Chelate complex; B= Chemically modified; C= Impregnation/ Surface adsorption 
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2.1.1 Atomic absorption spectrometer 
Perkin Elmer model 3100 (Waltham, MA, USA) atomic absorption 
spectrophotometer and GBC 932* (Dandenong, Australia) atomic absorption 
spectrophotometer, equipped with hollow cathode lamp (and an air-acetylene flame) 
have been used for the determination of metal ions. Operating parameters set for the 
determination of elements are given in Table 2.1. 
Table 2.1 
Operating parameters set for FAAS for the determination of elements 
Flame composition 
«7 1 ^u Slit Lamp 
Element Wavelength ^.^^ ^^^^^ 
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2.1.2 Spectrophotometer 
Milton Roy Company model Spectronic 20D plus spectrophotometer (Ivyland, 
PA, USA), equipped with a cylindrical cell (1 cm path length) having band with of 20 
mm and wavelength range of 340 to 950 nm, has been used for measuring the 
absorbance of aqueous solution of PAN in order to check the extent of incorporation 
onto Amberlite XAD- 4. 
2.1.3 pH meter 
An ELICO digital pH meter model LI-120 (Hyderabad, India) equipped with 
double junction reference electrode (inner: saturated KCl, outer: 0.1 mol L'' NaNOs) 
was used for pH measurements. The pH value displayed corresponds to an error of ± 
0.01. 
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2.1.4 Fourier Transform-IR Spectrometer 
All the infrared (IR) spectra were recorded on a Fourier Transform-IR 
Spetrometer from Spectro Lab-Interspec 2020 (Newbury, UK) using KBr disc 
method. 
Significance in context to our work: 
The IR spectra of the modified resins (both metal loaded as well as metal free 
resins) have been taken. The IR spectra of each of the modified chelating resins 
exhibited bands that support the immobilization or impregnation of the ligands onto 
the polymeric support, Amberlite XAD-4. The IR spectrum of each intermediate 
favors the proposed synthetic route (Scheme 1.1) for the chelating resins. The 
diazotization and the subsequent immobilization of the ligands, namely l-(2-
pyridyIazo)-2-naphthol (PAN), phthalic acid (PTA) and p-hydroxybenzoic acid (p-
HBA), onto Amberlite XAD-4 occur most probably at para position with respect to -
CH-CH2-. The probability of occurring at ortho position of the polystyrene ring is not 
very probable owing to electronic effects and steric hindrance. 
2.1.5 TG/DTA simultaneous measuring instrument 
A Shimadzu TG/DTA simultaneous measuring instrument, DTG-60/60H (Kyoto, 
Japan) was used for the thermogravimetric analysis (TGA) and differential thermal 
analysis (DTA). 
Significance in context to our work: 
The thermal stability was checked by performing thermogravimetric analysis of 
Amberlite XAD-4 modified with PAN, PTA and p-HBA. The TGA curves of all the 
three resins show an initial weight loss up to 120-130 °C which may correspond to the 
loss of weakly bonded water molecules. The capability of these resins to hold water 
molecule makes them suitable for enrichment of metal ion from extremely dilute 
solutions. 
2.1.6 Elemental analyzer (CHN) 
In the present work, CHN analysis was carried out with Carlo Erba EA1108 
(Milan, Italy) elemental analyzer (available at SAIF, Lucknow, India). 
Significance in context to our work: 
The extent of the coupling reaction may be interpreted from the composition of 
the final resin. The total carbon, nitrogen and hydrogen contents can give a good 
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approximation of the quantity of reagent incorporated through azo spacer. Hence, the 
synthesized resins were subjected to elemental (CHN) analysis. CHN analysis of the 
products formed during the intermediate steps was also carried out in order to monitor 
the course of the reactions. The results are compared with the theoretical values to get 
a better interpretation of the composition of the products. These results in association 
with TGA suggest that the chelating ligand immobilized onto repeat unit of polymer 
is very close to 1:1 ratio and approximately one to one and a half water molecule per 
repeat unit of polymer are present in all the three chemically bonded chelating resins. 
2.1.7 Mechanical shaker 
In the present study, a thermostated mechanical shaker (Narang Scientific 
works, New Delhi, India), equipped with digital display (±0.2°C), with shaking speed 
variable from 10 to 200 strokes per minute and supplied with gabled cover and lotus 
clamps for conical flask (5 nos.) for 100-500mL flasks, was used for carrying out 
equilibrium studies. 
2.1.8 Chromatographic column 
A short glass column with an inner diameter of 10 mm and a length of 100 
mm, provided vdth porous frits was obtained from J-SIL Scientific industries, Agra, 
India. The column was filled with a suspension of specified amount of resin in water 
(Fig. 2.1). 
2.2 Reagents and solutions 
2.2.1 Standard solutions of metal ions 
The stock solutions (1000 mg L '^) of Cd(II), Co(II), Cu(II), Ni(n), Pb(II), 
Cr(III), Mn(II) and Zn(II) were prepared by dissolving appropriate amount of their 
nitrate or chloride salts in water acidified with 10 mL of corresponding concentrated 
acid. All the metal salts were supplied by Central Drug House (P) Ltd., New Delhi 
and were of analytical reagent grade. The solutions were standardized by 
complexometric titration [1,2] before use and diluted according to requirement. 
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Figure 2.1 Diagram depicting a preconcentration system 
2.2.2 Dilution of nitric acid, hydrochloric acid and sodium hydroxide solution 
The analytical reagent grade of nitric acid (15.4 mol L'') and hydrochloric acid 
(11.6 mol L'') were diluted to lower concentrations of 0.001 - 5.0 mol L"' with 
doubly distilled water. The solution of NaOH was prepared by dissolving an 
appropriate amount in 1000 mL. It was standardized titrimetrically before use. All the 
reagents (HNO3, HCl, HCIO4 and H2O2) used for wet digestion of the samples were 
procured from Merck (Mumbai, India). 
2.2.3 Buffer solutions 
Buffers covering the pH range (2.2-2.8) were prepared by mixing appropriate 
amount of glycine (0.2 mol L"*) and HCl (0.2 mol L"') [3]. Buffers for pH 3.72-5.57 
were prepared by mixing acetic acid (0.2 mol L'') and sodium acetate (0.2 mol L ' ) 
solutions in the appropriate ratio [4]. Appropriate mixing ratio [3] of NaH2P04 
solution (0.2 mol L"') and Na2HP04 solution (0.2 mol L'') were used to prepare buffer 
for pH 6.9-8.0. For buffer of pH 9.0-10, 0.2 mol U' NH4CI solution was mixed with 
0.2molL"'NH3[5]. 
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2.2.4 Polymeric support 
Non-ionic polystyrene-divinylbenzene co-polymers, Amberlite XAD-4 (AXAD-4) 
resin (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) was purchased as 20-60 
mesh particle size with 725 m^ g~' of surface area. The resin was pretreated with an 
ethanol-hydrochloric acid-water (2:1:1) solution for overnight and subsequently 
rinsed with distilled water until pH of the supernatant water became neutral so that it 
becomes free from any impurities. 
2.2.5 Chelating ligands 
PAN was procured from Sigma-Aldrich Chemie GmbH (Steinheim, Germany). 
Pthalic acid (PTA) and p-Hydroxybenzoic acid (HBA) were procured from Otto 
Chemicals Pvt. Ltd. (Mumbai, India). They were used without any further 
purification. 
2.2.6 Standard reference materials 
Standard reference materials (with composition as illustrated in Table 1.1) such as 
vehicle exhaust particulates NIES 8, Pond sediment NIES 2, Chlorella NIES 3, 
Human hair NIES 5, Tea leaves NIES 7 were obtained from the National Institute of 
Environmental Studies (Ibaraki, Japan), Rompin hematite JSS (800-3) obtained from 
the Iron and Steel Institute of Japan (Tokyo, Japan) and Zinc base die-casting alloy C 
NBS 627 provided by the National bureau of Standards, U.S. Department of 
Commerce, (Washington, DC, USA). 
2.3 Pretreatment of samples 
23.1 Collection of water samples 
The water samples namely river water (collected from the Ganga, Narora.), 
canal water (collected from Kasimpur, Aligarh), sewage water (collected from area in 
the vicinity of local nickel electroplating industry, Aligarh) and tap water (collected 
from University campus) were immediately filtered through millipore cellulose 
membrane filter (0.45 i^m pore size), acidified to pH 2 with concentrated HNO3 
(obtained from Merck, Mumbai, India), and stored in pre-cleaned polyethylene 
bottles. The bottles were cleaned by soaking in an alkaline detergent, 4 mol L"' HCl 
and finally treated with 2 mol L"' HF and 0.5 mol L"* HNO3, and rinsed with triply 
distilled water between each step. 
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Table 2.2 
Composition of standard reference materials 
Samples Certified value (^g g' ) 
Vehicle exhaust Co: 3.3, Cu: 67, Ni: 18.5, Pb: 219.0, Zn: 1040, 










Zn: 343.0, Ni: 40.0, Co: 27, Cu: 210.0, Cd: 8200, 
Cr:75, Ca: 8100, Fe: 65300, K:6800, Na: 5700, P:1400 
Zn: 20.5, Cu: 3.5, Co: 0.87, Pb: 0.60, Fe:1850, 
Ca:4900, Mn:69, Mg:3300, K:12400, P:17000 
Zn: 169.0, Cu: 16.3, Co:1000, Ni: 1.8, Pb: 6.0, 
Cr: 14000, Ca:728, Fe: 225, Mg: 208, K:34, Na:26, Ba: 
3.2. P: 165 
Zn:33.0, Cu: 7.0, Co:0.12, Cr:0.15, Ni:6.5, Cd:300, 
Ca:3200, Pb:8000, Mg: 1530, Mn: 700, K: 18600, Na: 
15.5, Ba: 5.7, P.3700 
Cu: 640.0, Zn: 1030.0, Pb: 210.0, Sn:120, Mn:2200, 





casting alloy C 
NBS627* 
c Nafional institute ot bnvironmentai studies (Nits>; d iron ana steel Institute ot Japan (JSS); e National 
bureau of Standards (NBS). 
Cu: 1320.0, Pb:82.0, Ni: 29.0, Sn:42 Fe: 230, Cr:36, 
Mg: 300, Si: 210, Cd: 51, Al:38800 
2.3.2 Digestion of multivitamin samples, infant milk substitute and vanaspati 
ghee 
A multivitamin capsule (bearing the commercial name Maxirich) was 
procured jfrom Cipla Limited (Mumbai, India). For the experiment, five multivitamin 
capsules (5.64 g) were taken in a beaker containing 25 mL of concentrated HNO3 and 
digested by slowly increasing the temperature of the mixture to 120 °C. The mixture 
was further heated till a solid residue was obtained. It was allowed to cool and then 
dissolved in 20 mL of concentrated HNO3. The solution was gently evaporated on a 
steam bath until a residue was left again. It was subsequently mixed with 50 mL of 
distilled water and concentrated HNO3 was then added drop wise until a clear solution 
was obtained on gentle heating. 
Infant Milk substitute (commercially available as Lactogen 1) was obtained from 
Nestle India Limited (New Delhi, India). An amount of 200 mg was heated in a 
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beaker containing mixture of concentrated H2SO4 (20 mL) and HNO3 (10 mL) till a 
clear solution was obtained. It was allowed to cool and most of the acid was 
neutralized with NaOH. The total volume was made up to 50 mL and kept as stock. 
Hydrogenated oil (locally known as Vanaspati ghee) was obtained from the 
local market, Aligarh, India. For the experiment, 2 g was taken in a beaker and 
dissolved in 15mL of concentrated nitric acid with heating. The solution was cooled, 
diluted and filtered. The filtrate was made up to 50 mL with deionized water after 
adjusting its pH to the optimum value. 
2.3 J Digestion of standard reference materials 
To dissolve the environmental SRMs (Vehicle exhaust particulates NIES 8 and 
Pond sediment NIES 2), a 0.5 g of the sample was dissolved by adding 10 mL of 
concentrated nitric acid (15.5 mol L''), 10 mL of concentrated perchloric acid (12.2 
mol L'') and 2 mL of concentrated hydrofluoric acid (22.4 mol L'') in a 100 mL in a 
Teflon beaker. The solution was evaporated to near dryness, redissolved in minimum 
volume of 2% HCl, filtered and made up to 50 mL volume in a calibrated flask. 
The sample solutions of biological SRMs (Himian hair NIES 5 and Tea leaves 
NIES 7) were prepared as proposed by the international atomic energy agency [6]. A 
50 mg (600 mg for Chlorella NIES 3) of each of the samples was agitated with 25 mL 
of acetone, and then washed three times mih distilled water and with 25 mL of 
acetone. The contact time of the cleaning medium with the sample was 10 min. The 
samples were finally dried for 16 h at 100 °C. Then each of the samples was dissolved 
in 10-20 mL of concentrated nitric acid. After adding 0.5 mL of 30% H2O2, the 
solution was boiled to dryness. The residue obtained was dissolved in minimum 
amount of 2% HCl and made up to a 50 mL volume in a calibrated flask. 
The solution of standard alloys (Rompin hematite JSS (800-3) and Zinc base die-
casting alloy C NBS 627) was prepared by taking 25 mg of the sample into a beaker 
and dissolved in 10-50 mL of aqua-regia. The solution was boiled to near dryness. 
Finally the residue was dissolved in minimum volume of 2% HCl and filtered through 
a Whatman filter paper No.l. The residue was washed with two 5 mL portions of hot 
2% HCl. The aqueous layer was evaporated to dryness. The residue was redissolved 
in 5 mL of 2% HCl and made up to 50 mL with distilled water. 
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2.3.4 Digestion offish samples 
A total of 10 fishes (weighing 35.70 ± 0.60 g each). Common carbs {Cyprims 
carpid) were caught from different locations of the river Ganga (Narora, Aligarh). 
Fish were dissected to separate organs (flesh, gills, liver and kidney) according to 
FAO methods [7]. The separated organs were put in Petri dishes to dry at 120 °C until 
a constant weight was reached. The separated organs were placed into digestion flasks 
and ultrapure concentrated nitric acid and hydrogen peroxide (1:1 v/v) was added. 
The digestion flasks were then heated to 130°C until all the materials were dissolved. 
The digest was diluted with double distilled water (50 mL) for further experiments. 
2.4 Preparation of chelating resin 
Chelating resins based on organic polymer may have functional group in their 
polymeric skeleton or these may be modified by chelating ligands, which are 
immobilized by physical adsorption or chemical bonding. The anchoring of ligands on 
these polymers through covalent bonding is attained, either by directly linking the 
chelating ligand covalently or via a spacer. The methylene spacer [8] and azo spacer 
[9-11] are commonly used. The immobilization of ligands through covalent linkage 
on the polymer matrix as a pendant group with or without spacer offers much wider 
ranges of possibilities in fabricating chelating resins and consequently their tailoring 
for application such as a preconcentrating matrix for metal ions becomes possible. 
The coupling of PAN, Pthalic acid and p- Hydroxybenzoic acid with Amberlite XAD-
4 was attempted by this method using azo spacer. The impregnation of PAN on 
Amberlite XAD-4 resin through surface adsorption was found to be reasonably good. 
The chelating resins developed through physical adsorption [12-14] on polymer 
matrices suffer from leaching problem and offers restricted reusability of the resin. 
Nevertheless, their easy preparation is definitely an advantage. The preparation and 
characterization of these resins are detailed below. 
2.4.1 Scheme for synthesis of Amberlite XAD-4 based resins 
The Amberlite XAD-4 afiter cleansing was subjected to nitration and 
subsequently the nitro group was reduced to get the amino polymer. It was diazotized 
and the resultmg diazonium salt was coupled v^ dth three chelating ligands namely 1-
(2-pyridylazo)-2-naphthol (PAN), phthalic acid (PTA) and p-hydroxybenzoic acid 
(HBA) separately to synthesize the corresponding chelating resins. The experimental 
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details are given below and various synthetic steps are schematically shown in 
Scheme 1.1. 
2.4.2 Nitration of Amberlite XAD-4 
Amberlite XAD-4 beads (5 g) were mixed with a nitrating mixture (25 mL 
cone. H2SO4 and 10 mL of cone. HNO3) in a 250 ml round bottomed flask placed in a 
thermostatically controlled heating mantle at 50 °C. The mixture was stirred for 20 
min at this temperature. Thereafter, the nitrated resm was poured into an ice-cold 
water bath and filtered. It was repeatedly washed with distilled water until it became 
free from acid. 
2.4.3 Synthesis of amino resin 
The reduction of the nitrated resin was carried out by refluxing it with SnCh 
(40 g) concentrated HCl (45 mL) and ethanol (50 mL) for 12 h with constant stirring. 
The amino-resin-tin complex was filtered and washed with distilled water and 
subsequently it was treated with excess of 2 mol L'' NaOH solution to release free 
amino resin. According to the following reaction: 
R (NH3)2SnCl6 + NaOH = 2 RNH2 + Na2Sn03 + 6 NaCl + 5 H2O 
It was filtered and treated with 2 mol L"' HCl to convert it into hydrochloride. 
Thereafter, it was washed with doubly distilled water to remove excess of HCl. 
2.4.4 Diazotization of amino resin 
The hydrochloride form of the amino resin (5 g) was suspended in 200 ml of 
ice cold water and then diazotized with Imol L"' HCl and 1 mol L"' NaN02 solution at 
-5 °C until the reaction mixture started to change the colour of iodide paper to violet. 
The diazotized polymer was filtered under ice cold condition in order to prevent the 
disintegration of the diazotized compound at higher temperature. 
2.4.5 Synthesis of Amberlite XAD-4 immobilized with respective chelating 
ligands 
The diazotized resin under cold condition was reacted with the respective ligand 
(5 g taken m 250 ml of 10% NaOH solution) at 0 to 5 °C for 24 h and the resulting 




HNO3 + H2SO4 
































Scheme 2.1 Synthesis of chelating resins by incorporating reagents through azo 
spacer. 
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successively and finally dried at 50°C and kept over fused CaCb in a desiccator for 
fiirther use. 
2.5 PAN impregnated on Amberlite XAD-4 
An amount of 5 g of AXAD-4 resin, was pretreated with an ethanol -
hydrochloric acid - water (2:1:1) solution for overnight. After the pretreatment, the 
resin was subsequently rinsed with triply distilled water until pH of the supernatant 
water became neutral and was packed into a column using ethanol. PAN (1 g) was 
dissolved in 100 mL of distilled water to prepare a 0.01 % solution. The 25 ml of this 
solution was povired into each of the columns, loaded with 0.2 g of Amberlite XAD-4 
and pre-buffered to pH 6.0, and allowed to flow at the rate of 1 mL min"'. The 
absorbance of the effluent was then measured at 430 nm with a UV-Vis 
spectrophotometer in order to determine the total amount of the reagent adsorbed. 
2.6 Characterization of chelating resins 
2.6.1 Water regain value 
The rate of metal ion phase transfer is governed by the extent of hydrophilicity of 
the polymeric matrix. Water regain is defined as the amoimt of water absorbed by 1.0 
g of polymer. The dried resin was stirred in doubly distilled water for 48 h, and then 
filtered off by suction, dried in air, weighed, dried again at 100°C overnight and 
reweighed. The water regain value was calculated as: W = (mw- md)/ ma, where m^ is 
the weight of the air-dried polymer after filtration by suction and ma is the weight of 
the resin after drying at 100°C overnight. 
2.6.2 Hydrogen ion capacity 
For overall hydrogen ion capacity, an accurately weighed (0.5 g) resin was first 
treated with 4.0 mol L"' HCl and then filtered off, washed with distilled water to 
make it free from acid and dried at 100 °C for 5-6 h. The acidic form of the resin was 
equilibrated with 20.0 mL of 0.1 mol L'' NaOH solution for 6 h at room temperature 
at stirring condition and then the excess alkali was estimated with 0.1 mol L'' 
hydrochloric acid solution. In order to evaluate the contribution of the hydrogen ions 
constituting the sti-onger acid (fiinctional group) to the overall hydrogen ion capacity, 
anotiier sample of the resin in the acid form was equilibrated with NaHCOs solution 
m place of NaOH. 
102 
2.7 Recommended procedure for sorption studies of metal ions 
2.7.1 Batch 'static' method 
A weighed amount of the synthesized/modified resin was equilibrated with 
suitable volume of metal solution of appropriate concentration maintained at constant 
pH for 2 h. The resin was filtered and the sorbed metal ions were desorbed by shaking 
with the appropriate eluentand subsequently analyzed by FAAS. 
Effect of pH 
To determine the optimvmi pH of metal ion uptakie, excess of metal ion (50 mL, 
100 jig mU') was shaken with 100 mg of resin for 120 minutes. The pH of metal ion 
solution was adjusted prior to equilibration over a range pH 2-10 with the 
corresponding buffer system. pH >10 was not studied to avoid metal hydroxide 
precipitation. 
Effect of contact time 
For studying the effect of time on the sorption capacity, a 0.1 g amount of resin 
beads was stirred with 100 mL of solution containing one of the metal ions (20 jig 
mL) at two different temperatures for 2, 5, 10, 20, 30 ,40, 60, 80, 100 and 120 min 
(under the optimum conditions). 
Effect of resin amount 
To investigate the effect of the amoxmt of the resin on the sorption of metal ions, 
an excess of the metal ion solution corresponding to 150 ^g mL"' was equilibrated 
with varying amoimts of resin buffered at the optimum pH. 
Langmuir isotherm study 
For an adsorption column, the colvram resin (the stationary phase) is composed 
of microbeads. Each binding particle that is attached to the microbead can be assumed 
to bind in a 1:1 ratio with the solute sample sent through the column that needs to be 
purified or separated.At the concentration range (1.5 x 10"^  to 10.0 x 10"^ ) studied for 
metal ions, the data were successfully applied for the Langmuir isotherm. The 
Langmuir model assimies that sorption occurs on defined sites of the sorbent with no 
interaction between the sorbed species and that each site can accomodate only one 
molecule (monolayer adsorption) with the same enthalpy sorption, independent of 
surface coverage. Therefore, considering the surface coordination reaction below: 
X + Ce<H.Qe (2.1) 
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where X is an adsorptive site on the sorbent, Ce is the equilibrium concentration of 
metal ions in the aqueous phase (mol L-1) and XC is the surface density that can also 
be represented as the equilibrium concentration of metal in the solid phase, Qe (mol 
g-1). The mass law for this reaction is: 
b = (XC)/(Ce)(X) (2.2) 
where the constant b or adsorption coefficient is related to the binding energy of the 
solute and adsorption enthalpy. The mass balance for X can be expressed as: KS= X + 
XC. Therefore, at high Ce, KS represents the saturation of the sorbent (Qm = KS) with 
a monolayer coverage of metal ions. Appropriate substitution and rearrangement of 
equation (D) and (E) leads to the linearized form of Langmuir isotherm in equation 
represented by the following equation [15] 
Ce/Qe = 1/Qmb + Ce/Qm (2 .3) 
Here, Ce is the equilibrium concentration (mg L"'), Qe is the amount adsorbed at 
equilibrium (mg g'*) and Qm and b is Langmuir constants related to adsorption 
efficiency and energy of adsorption, respectively. 
2.7.2 Column 'dynamic' method 
A sample of synthesized/modified resin was soaked in water for 24 h and then 
poured into a glass colxunn (1 x 10 cm). The resin bed in the column was further 
buffered with 5 mL of the appropriate buffer system. A solution of metal ions of 
optimum concentration was passed through the column at an optimum flow rates after 
adjusting to a suitable pH with suitable buffers. After the sorption operation, recovery 
experiments were performed; for this purpose the column was washed with water and 
then appropriate volume of the proper eluent was made to percolate through the bed 
of loaded resin whereby the sorbed metal ions get eluted. The eluents were collected 
in 5 mL for the subsequent determination by FAAS. 
Effect of flow rate for sorption 
The effect of flow rate on the sorption was studied by varying the flow rate 2-8 
mL min at the pH chosen for maximum sorption, keeping a constant column height. 
Effect of matrix 
Various cations and anions, which are inevitably associated with heavy metals, 
may interfere in the latter's determination through precipitate formation, redox 
reactions, or competing complexation reactions. Common chemical species such as 
sodium citrate, sodium tartrate, sodium oxalate, humic acid, fiilvic acid, NOj^', QO^', 
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NH4"^ , S04 '^, P04^', Cr, K^ and Na^  were checked for any interference in the sorption 
of these metals. In order to determine the tolerance limit of the resin for various 
interfering electrolytes and metal ion species, studies were carried out using metal ion 
solutions (100 mL, 10 \ig L'') allowed to percolate individually through a column 
packed with 100 mg of resin with varying amounts of electrolyte or metal ions till 
interference was observed. 
Preconcentration factor and breakthrough capacity 
The lower limit of quantitative preconcentration below which recovery becomes 
non-quantitative (preconcentration limit) was determined by increasing the volume of 
metal ion solution and keeping the total amount of loaded metal ion constant at 10 i^g. 
The breakthrough volume, which corresponds to the volume at which the effluent 
concentration of any chemical species from the column is about 3-5% of the influent 
concentration, was determined by applying the reconmiended procedure to 1500-2500 
mL of the metal ion solution. The effluent fractions were collected in 5 mL and 
analyzed for the presence of the metal. 
Calibration and detection limit 
The standard solutions for calibration, for each metal, were prepared in 100 mL by 
taking suitable aliquot of metal ions and buffer solutions, and then subjected to the 
recommended column procedure. 
A blank run was also performed applying reconmiended column procedure with 
the same volume of aqueous solution prepared by adding suitable buffer (excluding 
metal ions) and finally eluting the same in 5 mL before subjectmg it to FAAS 
determination. 
2.7.3 Procedure for desorption studies 
Type of eluting agents and effect of flow rate 
Recovery studies were performed with different mineral acids namely H2SO4, 
HCl and HNO3. The efficiency of stripping was studied by using different volumes 
(1-10 mL) and concentrations (0.1-5.0 mol L"') of the mineral acids. 
The effect of flow rate on the sorption was studied by varying the flow rate 2-
8 mL min of each mineral acid and subsequently determining the amount recovered. 
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Resin reusability test 
The re-usability of the resin was tested by loading the metal ions several times 
on a column from a solution having a concentration 50 \ig mU' at a flow rate of 2 mL 
min'^  and eluting by the appropriate eluting agent. 
2.8 Procedures for method validation 
Validation of the method was carried out by employing metal ion standard 
solutions and standard reference materials. Recoveries of selected trace metal ions 
were ascertained using single and mixed metal ion standard solutions. 
2.8.1 Precision 
Using optimum conditions, the precision of the method was evaluated by 
carrying out six successive sorption and elution cycles of 10 ng each of the metal 
studied taken in 100 mL following the recommended procedure. The relative standard 
deviations (RSD) for the observed values were then evaluated. 
The present method was applied for the analysis of various SRMs including 
environmental, biological and alloy samples. The percentage recovery was 
subsequently evaluated for precision. 
2.8.2 Accuracy 
The accuracy of the present method was evaluated from the results of the analysis 
of various SRMs including environmental, biological and alloy samples. Student's t-
test was performed to compare the observed mean concentration values of the metals 
studied with the certified values. 
The validity of the results was tested by standard addition method, by spiking a 
known amount (5 ^g) of individual metal ions to the water samples. The recovery of 
the analytes was determined subsequently. 
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Chapter 3 
The efficiency ofAmberlite XAD-4 resin loaded 
with l-(2-pyridylazo)-2'naphthol in 
preconcentration and separation of some toxic 




The use of chelating resin in SPE as metal ion extractants has turned out to be an 
active area of research, in the field of separation science in the recent years [1-3]. The 
possibility to extract selectively a number of analytes over a wide pH range, 
qxiantitative sorption and elution, kinetically faster sorption and desorption 
mechanisms, good retention capacity, high preconcentration factor, regeneration of 
resins over many cycles with good reproducibility in the sorption characteristics, 
mechanical stability are frequently quoted as an advantage [3]. Amberlite XAD series 
resins with polystyrene-divinyl benzene copolymer matrix have proved themselves as 
efficient support for anchoring chelating ligands due to their good porosity, uniform 
pore size distribution, high surface area, good hydrophobicity and excellent chemical 
and physical stability. High surface area of hydrophobic Amberlite XAD resin will 
retain more ligands because it contains relatively large number of active aromatic sites 
that allow n- n interactions and thus, sorption capacity of the chelating resin will be 
improved. Resin of moderate to high porosity will hold fair amount of water and 
exhibit a good hydrophilic character which is crucial factor that governs the rate of 
metal ion phase transfer [4, 5]. Selective chelating resin with high metal ion uptake 
capacity may be designed by immobilizing a small sized polydentate ligand moiety 
onto polymeric support of moderate cross linking and high surface area. High 
selectivity may be attributed to their function as chelate formation, ion exchange and 
physical adsorption. Tridentate N-heterocyclic azo ligand containing N atom, l-(2-
pyridylazo)-2-naphthol (PAN) has shown excellent complexing ability for heavy and 
transition metal ions and analytical applications of this ligand in the 
spectrophotometric determination of the metals are well established [6-10]. It forms 
complex with most metals through the ortho-hydroxyl group, the azo nitrogen nearest 
to the phenolic ring and the heterocyclic nitrogen group. 
It was, therefore, thought worthwhile to prepare a chelating resin of better sorption 
capacity by loading PAN (Figure 3.1) on Amberiite XAD-4 (AXAD-4) resin through 
surface modification and characterize in a systematic manner. The resuhing chelating 
resm was used for the preconcentration and separation of Cd(II), Zn(ll), Co(ll), 
Cu(II), Ni(II), Mn(II), and Pb(II) from various real matrices prior to their 
determination by FAAS and was found to have superior preconcentration and metal 
loadmg ability compared to other chelating polymers reported in literature [11-22]. 
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The proposed method was validated by analyzing environmental and biological 
standard reference material. 
HO. 
Figure 3.1 Structure of l-(2-pyridylazo)-2-naphthol (PAN); (a) and (b) are the 
probable chelating sites 
3.2 Experimental 
Both batch and column methods (Section 2.7) have been employed for the 
sorption and elution studies of Cd(II), Zn(II), Co(II), Cu(II), Ni(II), Mn(II), and Pb(Il) 
prior to 
their determination by flame atomic absorption spectrometry (FAAS). 
The recommended procedures (Section 2.6-2.7) have been applied for the 
determination of different experimental parameters, including physico-chemical 
properties, of the resin. 
The physico-chemical properties that have been determined include: 
> Amount of PAN impregnated on Amberlite XAD-4 was determined as 
mentioned in section 2.5 
> Water regain capacity of the modified resin was determined by the 
reconmiended procedure as described in section 2.6.1 
> Hydrogen ion capacity of the modified resin has also been evaluated 
(Section 2.6.2) 
The experimental parameters that have been optimized include: 
> Optimum pH range for sorption was ascertained by applying the 
recommended procedure (Section 2.7.1) 
> Contact /half-loading time for sorption has been determined (Section 2.7.1) 
110 
> Flow rate for sorption as well as for elution has also been determined 
(Section 2.7.2) 
> Eluting agent for complete desorption (Section 2.7) 
> The recorrmiended procedure (Section 2.7.2) was followed to determine the 
preconcentration factor 
> Breakthrough volume for sorption has been determined according to the 
reconmiended procedure (Section 2.7.2) 
> The recommended procedure (Section 2.7.2) was followed for the 
determination of limit of detection (LOD) for each metal. 
The following experiments have been performed for the validation of the method: 
> Recovery of metal ions from standard reference materials (Section 2.8) 
> Recovery of metal ions from standard metal ion solutions has been 
ascertained (Section 2.8) 
> Student's t-test has been performed (Section 2.8.2) 
The method has been applied for the following applications: 
> Quantitative separation of metal ions in binary mixtures via elution 
technique 
> Collection and pretreatment (Section 2.3.1) of natural waters prior to 
determination of trace metal ions 
3.3 Results and discussion 
3.3.1 Characterization of AXAD-4-PAN 
The optimum pH for loading of PAN on Amberlite XAD-4 was observed at pH 
5.5-6.5. The amount of PAN loaded on the resin was found to be 0.24 mmol g"' at the 
optimum pH. The resin was subsequently characterized by IR spectral data. The FT-
IR spectrum of PAN has prominent bands at 3437 cm'' and 1631.12 cm"' due to v(0-
H) and v( N=N) respectively. On the other hand, the FT-IR spectrum of AXAD-4-
PAN (Figure 3.2) also exhibits the same bands besides the bands that correspond to 
AXAD-4 resin alone. This supports the immobilizing of PAN onto AmberliteXAD-4 
resin. The broadening of the band at 3437 cm'' implies the presence of intramolecular 
hydrogen bonding between the azo group and the ortho hydroxyl group of PAN [23]. 
The absence of broadening of the hydroxyl band in the spectra of the metal loaded 
resin proves the absence of hydrogen bonding that indicates the participation of-OH 
group in the coordination process. The red shifts of the two peaks namely -OH and -
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N=N- by 10 - 15 cm'* for metal loaded resin (Figure 3.3) further suggest the 
involvement of both the groups in retaining the metals through chelation. 
Figure 3.2 FT-IR spectrum of AXAD-4-PAN 
The resin shows good chemical stability with no loss of capacity up to 5 mol 
L'' of all acids used for stripping of metal ions. It can withstand alkaline medium up 
to 4 mol L''. At concentrations higher than 5 mol L'' of NaOH, the sorption capacity 
was reduced by 3.5%. 
According to thermo gravimetric analysis (Figure 3.4), the resin was found to 
be stable up to 200 °C with no significant loss of weight other than the loss due to 
sorbed water. Weight loss of 1.49% at 252.21°C and 12.25% at 359.79°C in TGA 
which were supported by an endothermic and exothermic peak respectively in the 
DTA curve indicates the degradation of PAN reagent of the chelating resin. 
The hydrogen ion capacity was found to be 0.48 mmol g"', which further 
supports the fact that 0.24 mmol g'* of the reagent comprising of two replaceable 
hydrogen ions per molecule (contributed by the hydroxyl and the protonated pyridine 






Figure 33 FT-IR spectrum of AXAD-4-PAN saturated with Cd(II) 
3.3.2 Optimum experimental parameters 
In order to optimize sorption of metal ions, the univariate approach was followed 
to establish all the parameters. Each optimum condition was established by varying 
one of them and following the recommended procedure. 
Effect ofpHfor metal ion uptake 
The effect of pH on the sorption of metal ions on AXAD-4-PAN is shown in 
Figure 3.5. As the complex formation is strongly pH dependent, careful adjustment of 
proper pH for the reagent was necessary. The nitrogen of the heterocyclic ring of 
PAN gets protonated at lower pH while the phenolic OH group dissociates in the 
alkaline region. Due to this fact, the reagent has sufficient solubility both in acidic and 
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alkaline solution and reacts with the metal ions under slightly alkaline condition to 
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Figure 3.5 Dependence of sorption capacity on the pH of the solution. 
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All the metal ions studied exhibited higher sorption capacity in the pH range 8.5-9.5. 
Hence, pH 9.2 was adjusted in all further experiments (Table 3.1). 
Table 3.1 
Optimum conditions for sorption and desorption of metal ions 
Experimental ^^^jj^ 2n(II) Co(II) Cu(II) Ni(II) Mn(II) Pb(II) 
psTBincicrs 
pH 9.2 9.2 9.2 9.2 9.2 9.2 9.2 
Flow rate (mL 
min'') for sorption 2 2 2 2 2 2 2 
and elution 
LOD (Limit of ^^g ^^^ j 3 Q2 0.28 1.1 0.42 
detection) ^g L 
Sorption kinetics and loading halftime 
The loading halftime, ti/2, that is, the time required to reach 50% of the resins total 
loading capacity was evaluated from the resulting isotherm. From the kinetics of 
sorption for each metal (Figure 3.6), it was observed that 50 min was enough for the 
sorbent to reach the saturation level for all the metals. The sorption rate constant k can 
be calculated using the following equation [24]: -ln(l-F) = kt, where F = Qt/Q and Qt 
is the sorption amount at sorption time t and Q the sorption amoimt at equilibrium. 
Putting the value of Qt at X\a in the above equation we may get the corresponding 
value of k for every metal ion (Table 3.2). 
Table 3.2 
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Figure 3.6 Rate of sorption of metal ions by AXAD-4-PAN. 
Effect of resin amount on the sorption capacity 
The retention of the metal ions per gram of the resin increased with the increase in 
the amount of the resin. An almost constant and maximum sorption capacity was 
observed after 300 mg of the resin. 
Effect of flow rate for sorption and elution 
During the sorption studies, it was observed that at a flow rate greater than 3 mL 
min" there was an appreciable reduction in the exchange capacity of almost all the 
metals by 10-15 %. Hence, the optimum flow rate was taken to be 2.0 mL min' for 
all the dynamic studies (Table 3.1). This decrease in sorption with increasing flow 
rate may be due to the decrease in equilibration time between two phases. In the 
elution studies, quantitative recovery of the sorbed metals from the resin could be 
achieved up to a flow rate of 2 mL min"'. 
Types ofeluting agents and chromatographic separation 
In order to investigate the most efficient eluting agent, varying concentrations 
of different volumes of mineral and organic acids such as HNO3, HCl, H2SO4, 
perchloric, formic and acetic acid were tried as depicted in Table 3.3. Distilled water 
was found to be unsuitable for the purpose of elution as < 0.5 % recovery was 
achieved indicating that the metal ions were retained by the resin by some strong 
bonding forces. Perchloric acid of 2 mol L"' was found to give >97 % recovery of 
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Cu(II) and Ni(II) with 5 and 2.5 mL, respectively while 2 mol L'' HNO3 could give 
>98 % recovery of Zn(II) and Co(II) with 5 mL. Among the mineral acids, 2.5 mL of 
0.5 mol L'' H2SO4 was found to be the best eluent for 100% elution of Cd(II), Pb(II) 
and Mn(II). Organic acids proved to be unsuitable (< 89%) for the stripping of any of 
the metal ions studied. The behavior of these eluting agents for different metal ions 
may be interpreted on the basis of the HSAB principle and stability constants [25,26]. 
Species like S03"^ 804"^  (contributed by H2SO4), NO2', NOs' (contributed by HNO3) 
and C104' (contributed by HCIO4) act as Lewis bases that bind with the metal ions as 
stable complexes. Thus, the metal ions bound at the chelating sites get released. 
Hence, the relative preference of these species may be the result of hard - hard and 
soft - soft interactions of acids and bases. The relative hardness or softness of the 
metal ions depends on their characteristics in the chelated form. 
The variation of eluting agents for stripping of the studied metal ions has been 
exploited to accomplish the separation of several binary mixtures of metal ions as 
illustrated in Table 3.4. For this purpose, a series of 100 mL of solutions containing 
binary mixtures of the metal ions (100 \ig each) were passed through the column 
packed with 0.3g of the resin. Separation was done by eluting sorbed metal ions with 
different eluting agents. The selectivity factor (Table 3.4) of each of the binary 
mixtures was evaluated from the ratios of their distribution coefficients [27] in order 
to indicate the relative preference for one metal over other for each couple of metal 
ions. 
Resin reusability test 
The sorbent can be used for more than 35 times in succession without any 
appreciable loss in the sorption efficiency. After the resin had been used for 40 cycles 
(Fig. 3.7), the sorption capacity got reduced by 5 %. 
Study of interferences 
Since the present work deals with the determination of levels of trace metal ions 
of the natural waters, the influences of possible matrix ions in the environmental 
samples were examined. The effect of cations and anions, which are the main 
constituents of natural waters, namely citrate, oxalate, tartrate, besides NO3 ^\ COa^ ', 
NH4 , SO4 ", PO4 ",€1" , K^  and Na ,^ in the form of their respective salts, on the 
sorption of the metal ions by AXAD-4-PAN resin was studied. The tolerated amounts 
of each matrix ion, for the preconcentration of trace metal ions, were the 
concentration values tested that cajised the lowering of recovery by more than 3%. It 
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was found that the common ions coexisting in natural waters do not interfere under 
the experimental conditions (Table 3.5). 
Table 3.3 
Elution of metal ions from the AXAD-4-PAN resin. (Column parameters: elution flow rate 2 mL 
min"*) 
Stripping agents Mean recovery for five replicates {%> 
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Figure 3.7 Regenerability of AXAD-4-PAN for different metals 
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Table 3.4 
Separation of binary mixtures by elution technique and the 
corresponding selectivity factors for each couple. 
(Experimental conditions: 100 mL solution, amount of metal 
ions=100 ng each, 0.3g of resin.) 
„. . ^ T-1 * Recovery Selectivity 
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2 mol L-^  HNO3 
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Preconcentration factor and breakthrough capacity 
The overall capacity, breakthrough capacity and the degree of utilization was 
determined by the literature method [28]. Figure 3.8 gives the breakthrough curves for 
all the metal studied. The overall sorption capacity calculated on the basis of total 
saturation volume was compared with the corresponding breakthrough capacities for 
each metal. The closeness of the dynamic capacity to the total sorption capacity 
reflects the applicability of the column technique for preconcentration. Quantitative 
collection of metal ions was possible from solutions of concentration in the order of 
10-12.5 ng L"' with a recovery up to 98% resulting in a preconcentration factor of 160 
-400 (Table 3.6). 
3.4 Method validation 
Prior to analysis of real water samples, validation of the method was performed by 
analyzing standard reference materials and recoveries of trace metals after spiking. In 
order to test the accuracy of the method, 50 mL of pretreated environmental (Vehicle 
exhaust particulates), biological (Human hair and tea leaves) and alloys (Rompin 
hematite and Zinc base die-casting alloy C) standard reference material samples were 
analyzed by recommended column method after adjusting its pH to 9.2. The mean 
concentration values of the metals studied agreed with the certified values. Calculated 
Student's / (Mest) values for respective metal ions were found to be less than critical 
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Student's /-values at the 95% confidence level (Table 3.7). Hence the mean values 
were not statistically significant from the certified values indicating absence of bias in 
the present method. Analytical recoveries of metal ions were ascertained by 
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Figure 3.8 Breakthrough curves for sorption of metal ions: C/Co is the concentration 
ratio of the effluent to influent, 
standard additions (S.A.) from various real water (500 mL) samples which were 
spiked with Cd(II), Co(II), Ni(II), Mn(II), Zn(II), Pb(II) and Cu(II) of concentrations 
12, 80, 55, 25, 10, 80 and 56 ^g L"' respectively. These concentrations were guided 
by middle value of preconcentration limit and maximum concentration of working 
range of calibration curve of FAAS for each metal ion in order to ensure complete 
sorption and avoid dilution of the final eluate during determination. It was found that 
the mean percentage recoveries of all the metal ions studied were 98.8-100.2 %. The 
detection limits for FAAS were calculated as the concentration corresponding to the 
signal equal to three times the standard deviation of the mean blank signal for 20 
determinations of the blank (including buffer) and were found to be 0.09, 0.54, 1.30, 
0.20, 0.28, 1.10 and 0.42 i^g U' for Cd(II), Co(II), Ni(II), Mn(II), Zn(II), Pb(II) and 
Cu(II), respectively (Table 3.1). Precision of the proposed method is reflected by low 
relative standard deviation (< 5 %) in the analysis of SRMs as well as various water 
samples (Table 3.7 and 3.8). 
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3.5 Applications 
3.5.1 Determination of Zn(II), Co(n), Ni(II), Cu(II) and Pb(II) in natural water 
Applicability of the present method for preconcentration and determination of 
metal ions was accomplished by analyzing river, canal, sewage and tap water. A 500 
mL of each of the sample volume was adjusted to pH of 9.2 by adding 5 ml of 
ammonia buffer and loaded on to the column of AXAD-4-PAN. The concentrations 
of metal ions were determined by following recommended method using FAAS 
(direct method). The metal determinations were also confirmed using the S.A. 
method. The closeness of results of direct and S.A. method (Table 3.8) indicates the 
reliability of the present method for metal analyses in water samples of various 
matrices. 
3.6 Conclusion 
The chelating ability of chromogenic ligand, PAN, has been utilized in developing 
chelating sorbents for the purpose of separation and preconcentration of trace metal 
ions. To assess the credibility of the present work a comparative data from previous 
works on preconcentration studies using PAN are siimmarized in Table 3.9. The 
results reflect its promising nature for trace metal ion analysis in various natural water 
resources, enviroimiental and biological samples. The main advantages of this 
procedure are: the simple and fast preparation of the chelating resin and no 
requirement of organic solvents in the metal elution step. Moreover, this resin is 
applicable to quantitative chromatographic separation of metal ions in binary 
mixtures. Comparison of sorption capacities and preconcentration factor of metal ions 
on PAN-functionalized resin with different polymeric support showed that AXAD-4-
PAN surface modified resin has greater value of sorption capacity and 
preconcentration factor. This method shows relatively higher tolerance for common 
matrix ions except for KNO3 and NaCl for Ni(II) [13]. The detection limit for all the 
metals was found to be lower than previously reported sorbent modified with PAN 
except for Cd(II) [14]. Break through studies has also been presented and found to be 
suitable for column operation. The reusability of the present method is comparable 
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Analysis of metal ions in standard reference materials. (Column parameters: pH 9.2, 
sorption flowrate 4 mL min'', elution flowrate 2 mL min"', 0.3 g of resin) 
o , Certified value Found by proposed method „^ , ,^ ^  
Samples , -i. ,^ -i ,a Student s t 
(^ Ag g ) (lig g ) , , . , „ . b 
Cd: 1.04 (4.80), Pb: 215.00 2.68,2.08, 
(2.00),Co: 3.17 (3.50), Cu: 2.61,1.22, 
68.00 (2.70),Ni: 18.80 (4.80) 0.74 
Mn: 5.10 (2.50), Zn: 167.00 1.75,1.28, 
(2.10), Cu: 16.30 (3.20), Ni: 0.43,1.84, 
1.74 (4.20),Pb: 6.10 (3.70) 0.99 
Mn: 699.00 (6.64), Zn:31.94 
(2.90), Cu: 6.75 
(3.80),Ni:6.40 (2.20) 
Zn: 19.89 (3.5), Cu: 3.42 
(4.3), Co: 0.86 (1.6), Pb: 
0.58 (4.8) 
Mn:2197.00 (1.50), 0.20,0.27, 
Cu:638.00 (2.60), Zn: 0.23,0.37 
1027.00 (2.8), Pb: 209.00 
Cu: 1318.00 (1.60), Pb:81.58 0.21,1.34, 
(1.80) Cd:51.58 (2.80), Mn: 1.85,0.37, 
138.95 (4.60), Ni: 28.00 (1.0) 2.22 
a) Relative standard deviation, n = 5 ; b) at Vi % coniiaence level; c) National institute of bnvironmental studies (NIKS), d) Iron and 














casting alloy C 
NBS 627' 
Cd:l.l,Pb:219, 
Co: 3.3, Cu: 
67,Ni: 18.5 
Mn: 5.2, Zn: 
169,Cu: 16.3, Ni: 
1.8,Pb:6.0 
Mn: 700, Zn:33, 
Cu: 7.0, Ni:6.5 
Zn: 20.5,Cu:3.5, 
Co: 0.87,Pb: 0.60 
Mn: 2200, Cu: 
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Comparison of previous works using Amberlite XAD resin modified by physical adsorption 
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Chapter 4 
Preparation and characterization ofl-(2' 
pyridylazo)-2'naphthol functionalized Amberlite 
XAD-4 chelating resin for trace determination of 
toxic metals in the environmental samples by 




Selective chelating resin with high metal ion uptake capacity may be designed by 
immobilizing a small sized polydentate ligand moiety onto Amberlite XAD resins either 
through surface sorption or chemical modification. Chemical modification involves the 
insertion of an appropriate functional group (linkage/spacer group) such as -N=N-, -CH2-, 
-N=C- on the surface of polymeric support and then immobilization of a particular ligand 
by a condensation reaction or coupling reaction. Chelating resin prepared by chemical 
linkage exhibits better resistance to the leaching of the ligands. High selectivity may be 
attributed to their function as chelate formation, ion exchange and physical adsorption. 
Tridentate N-heterocyclic azo ligand containing N atom, l-(2-pyridylazo)-2-naphthol 
(PAN), has shown excellent complexing ability for heavy and transition metal ions and 
analytical applications of this ligand in the spectrophotometric determination of the 
metals are well established [1-5]. It forms complex with most metals through the ortho-
hydroxyl group, the azo nitrogen nearest to the phenolic ring and the heterocyclic 
nitrogen group. Moreover, the hydroxyl group may be expected to introduce a good 
hydrophilic character into the chelating resin which facilitates better exchange kinetics [6, 
7]. Few chelating resins [8-16] have been prepared loading PAN on Amberlite XAD 
series resins but chemical modification of Amberlite XAD-4 with PAN has not been 
reported till date. 
It was, therefore, thought worthwhile to prepju-e a chelating resin of better 
sorption capacity by immobilizing PAN on Amberlite XAD-4 (AXAD-4) resin through 
chemical modification and characterize in a systematic manner. The resulting chelating 
resin (Figure 4.1) was used for the preconcentration and separation of Zn(II), Co(II), 
Ni(II), Cu(II) and Pb(II) fi-om environmental and various other real matrices prior to their 
determination by FAAS and was found to have superior preconcentration and metal 
loading ability compared to other chelating polymers reported in literature. The proposed 
method was validated by analyzing environmental and biological standard reference 
material and recovery studies. 
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(a) M"^  
(b) 
Figure 4.1 Structure of a monomeric unit of AXAD-4 modified with l-(2-pyridylazo)-2-
naphthol (PAN); (a) and (b) are the probable chelating sites. 
4.2 Experimental 
Both batch and column methods (Section 2.7) have been employed for the sorption 
and elution studies of Zn(II), Co(II), Ni(II), Cu(II) and Pb(II) prior to their determination 
by flame atomic absorption spectrometry (FAAS). 
The recommended procedures (Section 2.6-2.7) have been applied for the 
determination of different experimental parameters, including physico-chemical 
properties, of the resin. 
The physico-chemical properties that have been determined include; 
> Water regain capacity of the modified resin was determined by the 
recommended procedure as described in section 2.6.1 
> Hydrogen ion capacity of the modified resin has also been evaluated (Section 
2.6.2) 
The experimental parameters that have been optimized include: 
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> Optimum pH range for sorption was ascertained by applying the recommended 
procedure (Section 2.7.1) 
> Contact /half-loading time for sorption has been determined (Section 2.7.1) 
> Flow rate for sorption as well as for elution has also been determined (Section 
2.7.2) 
> Eluting agent for complete desorption (Section 2.7) 
> The recommended procedure (Section 2.7.2) was followed to determine the 
preconcentration factor 
> Breakthrough volume for sorption has been determined according to the 
recommended procedure (Section 2.7.2) 
> The recommended procedure (Section 2.7.2) was followed for the determination 
of limit of detection (LOD) for each metal. 
The following experiments have been performed for the validation of the method: 
> Recovery of metal ions from standard reference materials (Section 2.8) 
> Recovery of metal ions from standard metal ion solutions has been ascertained 
(Section 2.8) 
> Student's t-test has been performed (Section 2.8.2) 
The method has been applied for the following applications: 
> Collection and pretreatment (Section 2.3.1) of natural waters prior to 
determination of trace metal ions 
> Determination of Cu(II) and Zn(II) in multivitamin formulation and infant milk 
substitute was carried out after digestion of the samples according to the 
recommended procedure as in section 2.3.2. 
4.3 Results and discussion 
4.3.1 Synthesis and characteristics of resin 
In order to study the extent of product formation, elemental analysis was carried 
out at each stage of the synthesis. The nitrogen content of the nitrated resin and the 
subsequent reduced product was found to be 9.38% (6.71 mmol g'') and 11.76% (8.40 
mmol g'') respectively. Elemental analysis of PAN-AXAD-4 gave C 69.50%. H 4.79%, 
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and N 17.59% which are in agreement with calculated values for C23H17N5OH2O as %C 
69.52, %H 4.78 and %N 17.63. The presence of 12.59 mmol of nitrogen in the final 
product may suggest the incorporation of 2.52 mmol of PAN in 1 g of resui. Since each 
of the PAN group contains one replaceable hydrogen ion as hydroxyl group, therefore, 
the expected hydrogen ion capacity would be 2.52 mmol g'' of resin. Experimentally, the 
hydrogen ion capacity due to this hydroxyl group was found to be 2.55 mmol g"' which 
further supports the amount of PAN incorporated. The overall hydrogen ion capacity of 
3.96 mmol g"' of resin may include the contribution of the pyridinic nitrogen and azo-
nitrogen besides the hydroxyl group of PAN. 
In thermo gravimetric analysis of PAN-AXAD-4 (Figure 4.2), an earlier weight loss 
of 4.84% up to 151 "C could be seen. This initial step corresponds to the endothermic 
peak in the DTA curve which may be attributed to the loss of sorbed water molecule. The 
above result implies that each monomeric unit of the functionalized resin consists of at 
least one H2O molecule. The following exothermic peak at 254 "C corresponds to the 
further weight loss of 4.38%. The synthesized resin was found to retain 98% of the metal 

















Figure 4.2 TGA/DTA curves of PAN-AXAD-4 resin 
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The resin was found to be stable up to 8 mol L"' acids and 5 mol L"' NaOH with no 
significant loss of metal ion capacity (<3%). 
The chelating resins were characterized employing Fourier transform infrared 
spectrometry (FTIR). The IR spectrum of PAN-AXAD-4 resin (Figure 4.3) exhibits 
peaks characteristics of-N=N- stretching frequency besides peaks corresponding to PAN 
ligand and thus confirming the proper functionalization of the resin with PAN through 
azo spacer. IR studies of the metal ions chelated resin showed a red shift in the range 5-
15 cm'' for -N=N- and -OH stretching frequencies indicating their role as active sites in 
chelation. The absence of broadening of the hydroxyl band in the spectra of the metal 
loaded resin (Figure 4.4) proves the absence of hydrogen bonding with the participation 
of-OH group in the coordination process. It can be inferred that in the basic solution -
OH group of PAN on AXAD-4 resin were ionized to -O' so that the negative electron 
pair of-O" was coordinated with the metal ions. 
The water regain capacity (Table 4.1) was found to be 11.50 mmol g ' . This value 
reflects the high hydrophilicity of the resin which is satisfactory for column operation. 
Table 4.1 
Physico-chemical characteristics of PAN-AXAD-4 
Physico-chemical parameters 
Nitrogen content of nitrated resin (%) 9.31 
Nitrogen content of aminated resin (%) 11.71 
Nitrogen content of PAN-AXAD-4 (%) 17.59 
Water regain capacity (mmol g'') 11.50 
Overall Hydrogen ion capacity (mmol g"') 3.96 
Hydrogen ion capacity (mmol g"') (due to 2.52 
hydroxyl group) 
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Figure 4.3 FT-IR spectrum of PAN-AXAD-4 
4.3.2 Optimum experimental parameters 
Effect ofpH on sorption capacity 
Preliminary experiments showed that the maximum sorption of Zn(II), Co(n), Ni(II), 
Cu(II) and Pb(II) (Figure 4.5), was observed in the pH range 8.0 - 9.2 (Table 4.2). The 
nitrogen of the heterocyclic ring of PAN gets protonated at lower pH while the phenolic 
OH group dissociates in the alkaline region. Due to this fact, the reagent reacts with the 
metal ions under slightly alkaline condition to form a stable complex. Hence, pH 9.2 for 
2n(II), Co(II), Ni(II), Cu(II) and 8.0 for Pb(II) were adjusted in all further experiments. 
The addition of 2 -5 mL of buffer solution to adjust the pH did not affect the sorption of 
metal ions. The batch capacities of the metal ions are indicated in the Table 4.3. 
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Figure 4.4 FT-IR spectrum of PAN-AXAD-4 saturated with Cu{II) 
Table 4.2 
Optimum conditions for sorption and desorption of metal ions 
Experimental parameters 
pH 
Flow rate (mL min ) for 
sorption 
Flow rate (mL min"') for 
elution 





























Kinetics and batch capacity of sorption of metal ions on PAN-AXAD-4 
Metal ion 
Loading halftime Rate constant k Batch capacity 
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Figure 4.5 Dependency of sorption capacity on pH 
Kinetics of sorption 
The loading halftime, tm , that is, the time required to reach 50% of the resins total 
loading capacity was evaluated from the resulting isotherm (Table 4.3). From the kinetics 
of sorption for each metal it was observed that 60 min was sufficient for the sorbent to 
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reach the saturation level for all the metals. In the kinetic studies, sorption time course 
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Figure 4.6 Rate of sorption of Zn(II) at different temperatures. 
shows a double nature, that is, curved and linear (shown only for zinc). The curved 
portion represents film diffusion followed by intra particle diffusion as shown by linear 
portion [17]. Such double nature can be accounted for if we assume that the low initial 
metal ion concentration reduces the probability of diffusion of metal ions in the boundary 
layer. The higher distance between the lines at different temperatures suggests that the 
process of retention takes place through a change from a dissociated (H"^  - form) to a non-
dissociated species (chelated metal complex) of the resin [17]. The rate of sorption at 
higher temperature was found to proceed towards linearity much earlier than at lower 
temperature. Therefore, it can be inferred that increase in temperature favors intra particle 
diffusion. Considering the Brykina method [18], the sorption rate constant, k, can be 
calculated using the following equation: -In (1-F) = kt, where F = Qt / Q and Qt is the 
sorption amount at sorption time t and Q the sorption amount at equilibrium. Putting the 
value of Qt at ti/2 in the above equation we may get the corresponding value of k for every 
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metal ion (Table 4.3). Kinetic studies also showed that the temperature affected the rate 
constants significantly, that is, saturation was reached at a faster rate at higher 
temperature. This temperature effect may be a manifestation of the facts that the resin 
swells more completely at higher temperature, which made metal ions difftise more easily 
into the interior of resin, and that the sorption was an exothermal process and hence high 
temperature facilitates higher sorption. 
A plot (Figure 4.7) of log D Vs 1/T, where D = Q/C, Q and C are the sorption 
capacity and the concentration of free metal ion at the equilibrium sorption respectively, 
revealed that the distribution ratio increased with the increase of temperature. This again 
implies that the sorption process was an endothermal process. The values of AH and AS 
were calculated (Table 4.3) using the slope and intercept from the above plots using the 
relationship: log D = (-AH/ 2.303 RT) + (AS/ 2.303 R). 
Adsorption isotherm 
Langmuir isotherms were plotted in order to determine the resin capacity in 
accordance to the literature [19]. The Langmuir adsorption isotherm is described by the 
equation given as, qe= qmax atCe/ (1+ at Ce) where qe is the amount of metal sorbed per 
unit weight of the resin (mg g"') at equilibrium, Ce is the final concentration in the 
solution (mg L"'), qmax is the maximum sorption at monolayer coverage (mg g"'), and at 
is the sorption equilibrium constant, which is related to the energy of sorption. A plot of 
Ce/qe versus Ce shows linearity; hence, the Langmuir constants, qmax and at, can be 
calculated from the slope and intercept of the plot. From the plots obtained for each 
metal, the amount of maximum total metal (qmax) sorbed on 1.0 g of resin is calculated. 
The maximum sorption capacity calculated from the Langmuir isotherm (Figure 4.8) 
indicated that the resin retained Zn(II) more strongly than the other metal ions under 
study. 
Effect of flow rate for sorption and elution 
Observations indicated that metal retention on the resin was optimum at a flow rate 
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Figure 4.7 Influence of temperature on the distribution ratio of metal ions. 
avoid long analyses times. Hence, a flow rate of 4.0 mL min"' was maintained throughout 
the column operations. During the subsequent elution of the retained metals from the 
adsorbent, recovery of higher than 95% was observed up to 3.5 mL min'. The decrease 
in sorption, or exchange, with increasing flow rate is due to the decrease in equilibration 
time between two phases. In the elution studies, 100% recovery of the sorbed metals from 
the resin could be achieved up to a flow rate of 2 mL min"'. Therefore, 2 mL min"' was 
used for elution studies (Table 3.2). 
Type ofeluting agents and resin reusability test 
Organic acids, such as HCOOH, CH3COOH and HCIO4 were found to be unsuitable 
for the recovery studies. On performing the desorption studies with different mineral 
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Figure 4.8 Langmuir sorption isotherm depicting the sorption behavior of metal ions by 
PAN functionalized resin. 
stripping of the metal ions. The inefficiency of the organic acids may be due to the more 
stable metal chelates. 
The sorbent can be used for more than 40 times in succession without any appreciable 
loss in the sorption efficiency. However, a reduction by 3.0% of the sorption capacity 
was observed after 45 cycles of sorption and subsequent elution (Fig. 4.9). 
Study of interferences 
Various cations and anions, which are inevitably associated with heavy metals, may 
interfere in the latter's determination through precipitate formation, redox reactions, or 
competing complexation reactions. Common chemical species such as sodium citrate, 
sodium tartrate, sodium oxalate, humic acid, fulvic acid, NOs^", QOi\ NHt^, SO/', P04^" 
,Cr, K^ and Na^ were checked for any interference in the sorption of these metals. The 
tolerance limit is defined as the ion concentration causing a relative error smaller than ±5 
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Figure 4.9 Regenerability of PAN-AXAD-4 for metal ions 
and metal complexing agents, which are inevitably associated with metal ions present at 
the tmce level in all natural waters, produce no interference in the sorption of the heavy 
metals up to appreciable concentrations (Table 4.4). A relative error of less than 5 % was 
considered to be within the range of experimental error. However, the tolerance limit for 
Cr and Na^ does not favor the applicability of this resin in the preconcentration of sea 
water. 
Preconcentration factor and breakthrough capacity 
The overall capacity, breakthrough capacity and the degree of utilization was 
determined by the literature method [20]. The total sorption capacity calculated on the 
basis of total saturation volume was compared with the corresponding brealcthrough 
capacities (Figure 4.10) for each metal. The closeness of the dynamic capacity to the total 
sorption capacity and the high preconcentration factors (Table 4.5) reflect the 
applicability of the column technique for preconcentration. 
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Table 4.4 
















Ca^ ^ (CaCl2) 
Mg'^(MgCl2) 
Tolerance ratio [Foreign species (^g mL"')/ Metal ion (^g mL"')] 
Zn(II) 
1.49 X 10" 
1.83 X 10* 
1.14 X 10* 
2.30 X 10* 
3.04 X 10* 
3.65 X 10* 
5.79 X 10^  
1.86 X 10* 
2.56 X lO'' 
6.56 X 10^ 
7.07 X 10^ 
85 
120 
6.51 X 10^ 
7.21 X 10^ 
7.65 X 10^ 
Co(ll) 
1.41 X 10*" 
1.80 X 10* 
1.05 X 10* 
2.18x10* 
3.04 X 10* 
3.35 X 10* 
4.63 X 10^ 
1.86 X 10* 
2.56 X 10" 
6.56 X 10^  




6.49 X 10^  

































9.83 X 10^ 
1.05 X 10* 
1.01 X 10* 
1.51 X 10* 
2.7 X 10* 
3.28 X 10* 
2.89 X 10^  
1.41 X 10* 
1.83 X 10" 
3.94 X 10^ 
4.25 X 10^  
15 
25 
4.34 X 10^ 
4.32 X 10^ 
5.10 X 10^ 
Pb(II) 
7.86 X 10' 
1.05 X 10* 
1.01 X 10* 
1.21 X 10* 
2.7 X 10* 
2.91 X 10* 
1.73 X 10^  
1.41 X 10* 
1.83 X 10" 
3.28 X 10^  
3.54 X 10^  
45 
75 
3.47 X 10^  
3.60 X 10^  
3.82 X 10^  
4.4 Method validation 
Prior to analysis of real samples, validation of the method was performed analyzing 
SRMs and recoveries of trace metals after spiking. In order to test the accuracy of the 
method, 50 mL of pretreated environmental (Vehicle exhaust particulates and pond 
sediment), biological (Human hair, chlorella and tea leaves) and alloys (Rompin hematite 
and Zinc base die-casting alloy C) SRM samples were analyzed by recommended column 
method after adjusting to optimum pH. The mean concentration values of the metals 
studied agreed with the certified values. Calculated Student's t (Mest) values for 
respective metal ions were found to be less than critical Student's /-values at 95% 
confidence level (Table 4.6). Hence the mean values were not statistically significant 
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295 300 305 310 315 320 325 330 335 
Fraction number 
Figure 4.10 Breakthrough curves for sorption of metal ions: C/Co is the concentration 
ratio of the effluent to influent. 
from the certified values indicating absence of bias in the present method. Analytical 
recovery of each metal ion was investigated from 100 mL of synthetic mixtures 
containing 100 jig of each of the other metal ions studied using recommended column 
method with 200 mg of chelating resin. The concentrations of metal ions to be recovered 
from these synthetic mixtures were varied from 1.0 to 10 ^g L*. The lowest 
concenfration of Zn(II), Co(II), Ni(II), Cu(II), and Pb(II) up to which recoveries of >95% 
with good precision (% RSD<5) could be obtained, were found to be 0.20, 0.31, 0.37, 
0.55 and 0.55 jig L'', respectively (Table 4.7). Hence at these metal ion concentrations, 
there were no adverse effects due to metal ion competition for the complexing sites 
present in PAN-AXAD-4. The lowest concentrations for sorption of these metal ions 
from lower volumes (100 mL) can be distinguished from their corresponding 
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Table 4.6 
Analysis of standard reference materials for metal ion contents (Column 
parameters: pH 9.2, sorption flow rate 4 mL min"', elution flow rate 2 mL min' 
























Co: 3.3, Cu: 
67, Ni: 18,5, 
Pb:219,Zn: 
1040 
Zn: 343, Ni: 
40, Co: 27, Cu: 
210 
Zn: 20.5, Cu: 
3.5, Co: 0.87, 
Pb: 0.60 
Zn: 169, Cu: 
16.3, Ni: 1.8, 
Pb:6 
Zn:33, 
Cu: 7, Ni:6.5 
Cu: 640, Zn: 
1030, Pb: 210 
Cu: 1320, 
Pb:82,Ni:29 
Found by proposed method 
Mgg-1 (RSD)'' 
Co: 3.26 (2.4), Cu: 66.66 (1.1), 
Ni: 18.32(1.1) ,Pb: 216.56 (2.1) 
Zn: 1032.68 (2.5) 
Zn: 342.89 (1.1), Ni: 38.89 (4.1), 
Co: 26.80 (1.5), Cu: 206.65 (2.7) 
Zn: 19.89 (3.5), Cu: 3.42 (4.3), 
Co: 0.86 (1.6), Pb: 0.58 (4.8) 
Zn: 167.54 (1.5), Cu: 15.89 
(4.5), Ni: 1.74(5.0), Pb: 5.82 
(4.4) 
Zn:31.89 (4.4), 
Cu: 6.76 (4.2), Ni:6.40 (3.2) 
Cu: 632.25 (2.2), Zn: 1018.15 
(1.7), Pb: 206.56 (2.7) 
Cu: 1310.45 (1.1), Pb:80.89 



















a relative standard deviation, n - i ; b at y> % contidence level; c National Jristitute of tnvironmental studies <NIHS); d 
Iron and Steel Institute of Japan (JSS); e National bureau of Standards (MBS) 
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Table 4.7 
Recovery of metals ions from synthetic mixtures 
(Experimental conditions: 100 mL solution, pH 9.2, 
0.2 g resin) 






















4.5.1 Determination of Zn(II), Co(II), Ni(II), Cu(II) and Pb(II) in natural water samples 
Applicability of the present method for preconcentration and determination of metal ions 
was accomplished by analyzing river, canal, sewage and tap water. A 500 mL of each of the 
sample volume was adjusted to optimum pH by adding 5 mL of ammonia buffer and loaded 
on to the column of AXAD-4-PAN. The concentrations of metal ions were determined by 
following recommended method using FAAS (direct method). The metal determinations 
were also confirmed using the standard addition method. Recoveries of metal ions were 
ascertained by measuring the recovery of standard additions from various real water (500 
mL) samples which were spiked with metal ions of concentrations guided by middle value of 
preconcentration limit and maximum concentration of working range of calibration curve of 
FAAS in order to ensure complete sorption and avoid dilution of the final eluate during 
determination. It was found that the mean percentage recoveries of all the metal ions studied 
were 98.8 -100.3%. The closeness of results of direct and S.A. method (Table 4.8) indicates 
the reliability of the present method for metal analyses in water samples of various matrices 
without significant interference. 
4.5.2 Determination of Zn (II) and Cu (II) in multivitamin capsules and infant 
powdered food 
Maxirich multivitamin capsules, obtained from Cipla Limited (Mumbai) and Lactogen 1 
(IMS), procured from Nestle India Limited (New Delhi), were subjected to preconcentration 
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according to the recommended column procedure after their pretreatment (digested in 50 
mL). The results (Table 4.9) show that both Zn(II) and Cu(II) could be recovered with a 
good precision of RSD < 5. 
4.6 Conclusions 
PAN-AXAD-4 resin was successfully applied to preconcentration, separation and 
determination of Zn(II), Co(II), Ni(II), Cu(II) and Pb(II) by FAAS. This method has a fast 
kinetics which allows column preconcentration to be done within a short time interval. 
Compared to other PAN-fiinctionalized polymeric support (Table 4.10), PAN- AXAD-4 has 
greater sorption capacity and preconcentration factor and exhibits the ability to 
preconcentrate analytes from smaller volume of the samples even if their concentration is 
much less than the preconcentration limit for higher volumes. The procedure shows high 
tolerance to inferences from the various matrix ions. The proposed procedure is applicable 
for the determination of trace metals in various water resources, environmental, biological, 
alloy samples and pharmaceutical tablets with good accuracy and precision. The reusability 
of the PAN-AXAD-4 resin is comparable with other works. 
Table 4.8 
Preconcentration and determination of metal ions in natural water and sewage water. 
(Column parameters: pH 9.2, sorption flow rate 4 mL min', 0.5 g resin) 
Metal ion found by proposed method ^g L"' (RSD)^ 
Samples Method Zn(II) Co(n) Ni(IO Cu(II) Pb(II) 
Canal water Direct 5.8(2.6) 3.5(2.4) 3.4(2.2) 12.9(1.9) ND 
(Kasimpur) S.A" 5.7(2.1) 3.4(2.8) 3.4(2.6) 12.7(1.6) 3.2(4.3) 
Tap water Direct 17.4(3.1) 6.9(2.8) 5.5(2.9) 10.3(2.9) 12.7(4.9) 
(AMU Campus, s.A. 16.7(3.2) 7.0(2.9) 5.5(3.1) 10.2(3.1) 12.4(2.3) 
Aligarh) 
Sewage water (Ni Direct 7.4(4.2) 5.5(3.9) 12.3(3.0) 8.1(2.9) 6.0(3.2) 
plating industrial s.A. 7.4(4.9) 5.4(4.7) 12.4(2.2) 8.1(3.4) 6.1(3.5) 
area, Aligarh) 
River water. The Direct 4.1(4.0) 3.1(3.3) 3.9(2.5) 14.0(3.6) ND 
5f"8^ , S.A. 4.4(2.9) 3.1(3.8) 3.9(2.8) 14.0(4.1) 3.2(3.3) (Narora) 
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Chapter 5 
Characterization and application of a new chelating 
resin for determination of trace metal ions in 
environmental and biological samples by flame 
atomic absorption spectrometry 
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5.1 Introduction 
Preconcentration techniques, such as solid phase extraction, co-precipitation, 
solvent extraction, cloud point extraction, flotation, formation of volatile compounds, 
sorption, fire assay, evaporation, membrane methods, thermo-diffusion, and ion 
exchange, have been used for the determination of trace heavy metals in various samples 
[1]. Possessing the advantages of high recovery, short analysis time, high enrichment 
factor, low cost and low consumption of the organic solvent over many kinds of classical 
preconcentration methods, SPE has gained rapid acceptance and been applied to the 
preconcentration of metal ions in water samples [2-7]. 
Chelating resins have been successfully used in solid phase extraction due to their 
high selectivity and capability of binding metals through muhiple coordinating groups 
immobilized onto the solid support. Sorbents obtained by immobilization of chelating 
agents on solid supports have gained much attention [6-11]. In general, preconcentration 
procedures based on sorption are considered to be superior to the liquid-liquid extraction 
due to their simplicity, rapidity and ability to attain high enrichment factors [12]. They 
have been shown to be very useful in trace metal analysis in many kinds of matrices. The 
commercially available Amberlite XAD copolymers have been widely used as sorbents 
suitable for preconcentration of multi-elements from aqueous solution [13-16]. These 
polymers have the advantages of having a high surface area, uniform pore distributiqn 
and rigid porous structure. Many ligands, such as chromotropic acid [17], 2,3-
dihydroxypyridine [18], l-(2-pyridilazo)-2-naphtol [19], o-aminobenzoic acid [20], and 
3,4-dihydroxybenzoic acid [21] were incorporated in the solid material through an azo (-
N=N-) group. Other chelating materials have been produced by covalent coupling of the 
copolymer with several ligands, such as l-(2-pyridilazo)-2-naphtol (PAN) [22], 4,5-
dihydroxy-l,3-benzenedisulfonic acid [23], through a methylene (-CH2-) group. 
The chelating ability of phthalic acid was revealed in previous works, such as, the 
study of complexes of phthalic acid with metals [24] as well as its application as eluting 
agents [25] and metal chelator [26,27]. It has also been successfully applied as a 
preconcentrator for Pb(II) [28] and In(III) [29], when anchored on a polymeric support. 
However, its potential for preconcentrating Ni(II), Mn(II), Cu(II), Zn(II), Cd(II), Cr(III) 
and Co(II), that are present in trace level, has not yet been explored. 
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In this work, the exploration about the potential of Amberlite XAD-4, functionalized 
with phthalic acid (Figure 5.1), as sorbent for preconcentration of Ni(II), Mn(II), Cu(II), 
Zn(II), Cd(II), Cr(III) and Co(II) has been made. Several parameters influencing the 
recoveries of analytes, including pH of sample, sample volume, eluent volume and effect 
of diverse ions (including humic substances) have been investigated in detail. An 
optimized procedure has been applied to the determination of trace metals in natural 
water samples, standard reference samples, multivitamin formulations, infant food 




Figure 5.1 Structure of a monomeric unit of AXAD-4 modified with phthalic acid; (a) 
and (b) are the probable chelating sites 
5.2 Experimental 
Both batch and column methods (Section 2.7) have been employed for the sorption 
and elution studies of Ni(II), Mn(II), Cu(II), Zn(II), Cd(II), Cr(III) and Co(II) prior to 
their determination by flame atomic absorption spectrometry (FAAS). 
The recommended procedures (Section 2.6-2.7) have been applied for the 
determination of different experimental parameters, including physico-chemical 
properties, of the resin. 
The physico-chemical properties that have been determined include: 
> Water regain capacity of the modified resin was determined by the 
recommended procedure as described in section 2.6.1 
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> Hydrogen ion capacity of the modified resin has also been evaluated (Section 
2.6.2) 
The experimental parameters that have been optimized include: 
> Optimum pH range for sorption was ascertained by applying the recommended 
procedure (Section 2.7.1) 
> Contact /half-loading time for sorption has been determined (Section 2.7.1) 
> Flow rate for sorption as well as for elution has also been determined (Section 
2.7.2) 
> Eluting agent for complete desorption (Section 2.7) 
> The recommended procedure (Section 2.7.2) was followed to determine the 
preconcentration factor 
> Breakthrough volume for sorption has been determined according to the 
recommended procedure (Section 2.7.2) 
> The recommended procedure (Section 2.7.2) was followed for the determination 
of limit of detection (LOD) for each metal. 
The following experiments have been performed for the validation of the method: 
> Recovery of metal ions from standard reference materials (Section 2.8) 
> Recovery of metal ions from standard metal ion solutions has been ascertained 
(Section 2.8) 
> Student's t-test has been performed (Section 2.8.2) 
The method has been applied for the following applications: 
> Collection and pretreatment (Section 2.3.1) of natural waters prior to 
determination of trace metal ions 
> Determination of Cu(II) and Zn(II) in multivitamin formulation and infant milk 
substitute v.as made after digestion of the samples according to the 
recommended procedure as in section 2.3.2. 
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> Digestion of hydrogenated oil was carried out (Section 2.3.4) prior to the 
determination of Ni(II) content. 
> The recommended procedure (Section 2.3.4) was followed for the digestion of 
fish samples prior to their analysis for metal content. 
53 Results and discussion 
5.3.1 Synthesis and characteristics of resin 
The extent of the coupling reaction may be interpreted from the composition of the 
final resin. The total nitrogen content can give a good approximation of the quantity of 
phthalic acid incorporated through azo spacer (Fig. 5.1). Hence, in order to study the 
extent of product formation, elemental analysis was carried out at each stage of the 
reaction. The results of elemental analysis of the dried beads of AXAD-4-PTA gave 
61.20%, 4.55% and 8.05% for C, H and N, respectively. If we assume that the nitrogen 
content is contributed entirely by the incorporated azo (-N=N-) group, it may be inferred 
that about 2.87 mmol of phthalic acid may have been incorporated. Considering the 
possible stoichiometry of its repeat unit to be Ci6Hi2N204-H20[28], the calculated values 
are C, 64.55%; H, 4.16%; and N, 9.45%. The nitrogen content of the nitrated resin and 
the subsequent reduced product was found to be 10.20% (7.28 mmol g ') and 13.00% 
(9.28 mmol g'') respectively. 
In thermo gravimetric analysis (Figure 5.2), the AXAD-4-PTA resin shows an 
earlier weight loss of 5.8 % up to 170 °C. This initial step corresponds to the endothermic 
peak in the DTA curve and may be attributed to the loss of sorbed water molecule. The 
TGA and elemental analyses together suggest that at least one water molecules per repeat 
unit is sorbed. The subsequent exothermic peak corresponding to the weight loss of 
13.42%, up to 270 °C is observed for the modified resin Thermal analysis indicated that 
the synthesized resin was stable up to 200 °C, above which degradation commences. 
The IR spectrum of the modified resin AXAD-4-PTA (Figure 5.3) was compared 
with that of untreated Amberiite XAD-4. Besides the band (3450-3452 cm"') for H2O 
molecule, there are three additional bands at 2649, 1606 and 1701 cm' which may be 
assigned to hydroxyl (-0H), azo (-N=N-) and carboxylic acid (> C=0) stretching 
vibrations, respectively. The IR spectrum of the metal ion-free chelating resin was 
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compared with those of the metal ion-saturated resin (Figure 5.4). A red shift (2-5 cm") 
















Figure 5.2 TGA/DTA curves of AXAD-4-PTA 
group and carboxy .group of carboxylic acid is exhibited in comparison to those of the 
metal-free resin. However, the hydroxyl group does not appear in the metal ion-saturated 
AXAD-4-PTA. This suggests that chelation of metal ions through -OH of-COOH or -
N=N- (azo) groups is probably responsible for metal sorption. The availability of two 
chelation sites on the resin probably results in its high metal ion sorption capacity. 
After soaking the resin in mineral acids, such as HCl, HNO3 and H2SO4, it 
showed no loss in sorption capacity up to strength of 5 mol L*. Again, after subjecting 
the resin to alkaline medium constituting 5 mol L'' NaOH, there was no loss in the 
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Figure 5.3 FT-IR spectrum of AXAD-4-PTA 
The water regain capacity was found to be 12.50 mmol g ' . This value reflects the 
high hydrophilicity of the resin which is satisfactory for column operation. The overall 
hydrogen ion capacity amounts to 5.9 mmol g ' of resin, which may be contributed by the 
two carboxylic groups present within the molecule. Theoretically, if 2.87 mmol of the 
reagent constituted per gram of the resin, the hydrogen ion capacity, due to the carboxylic 
groups should have been 5.75 mmol g"', which agrees with the experimental value. 
53.2 Optimum experimental parameters 
Effect ofpHon sorption capacity 
Preliminary experiments showed that the maximum sorption of Ni(II), Mn(ll), Cu(ll), 
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Figure 5.4 FT-IR spectrum of AXAD-4-PTA saturated with Cr(III) 
Table 5.1 
Physico-chemical characteristics of AXAD-4-PTA 
Physico-chemical parameters 
Nitrogen content of nitrated resin (%) i o.20 
Nitrogen content of aminated resin (%) 13.00 
Nitrogen content of AXAD-4-PTA (%) 8.05 
Water regain capacity (mmol g"') 12.50 
Overall Hydrogen ion capacity (mmol g"') 5.9 
7.5, 5.5, and 5.5, respectively (Table 5.2). Hence, pH 7.5 for Ni(II), Mn(II), Cu(II), 
Zn(II), Cd(II) and pH 5.5 for Cr(III) and Co(II) were adjusted in all further experiments. 




Optimum conditions for sorption and desorption of metal ions 
Experimental parameters Ni(II) Mn(II) Cu(II) Zn(II) Pb(II) Cr(III) Co(II) 
pH 
Flow rate (mL mm ) for 
sorption 
Flow rate (mL min'') for 
elution 
























Kinetics and batch capacity of sorption of metal ions on AXAD-4-PTA 


































Kinetics of sorption 
The loading half time needed to reach 50% of the total loading capacity was 
estimated from Figure 5,6. The loading halftime (tm) values are reported in Table 5.2. 
The profile of metal ion uptake on these resins reflects good accessibility of the chelating 
sites in the resin. From the kinetics of sorption for each metal (Figure 5.6), it was 
observed that 15-30 min was enough for the sorbent to reach the saturation level for all 
the metals. Considering the Brykina method [30], the sorption rate constant, k, can be 
calculated using the following equation: -In (1-F) = kt, where F = Qt / Q and Qt is the 
sorption amount at sorption time t and Q the sorption amount at equilibrium. Putting the 
value of Qt at i\a in the above equation we may get the corresponding value of k for every 
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Figure 5.5 Sorption of metal ions as a function of pH. (Experimental conditions: 50 mL 
solution, 100 ng mL"', 100 mg resin) 
Effect of flow rate for sorption and elation 
Observations indicated that metal retention on the resin was optimum at a flow 
rate equal or lower than 4 mL min'' for 5 mL of the eluent. The flow rates less than 2.0 
mL min' were not studied to avoid long analyses times. Hence, a flow rate of 3.5 mL 
min'' was maintained throughout the column operations (Table 5.2). During the 
subsequent elution of the retained metals from the adsorbent, recovery of higher than 
95% was observed up to 3.5 mL min'.The decrease in sorption, or exchange, with 
increasing flow rate is due to the decrease in equilibration time between two phases. In 
the elution studies, 100% recovery of the sorbed metals from the resin could be achieved 
up to a flow rate of 2 mL min''. Therefore, 2 mL min"' was used for elution studies. At 
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higher flow rates, quantitative stripping of metal ions needed larger volumes of the 
eluent. 
Contact time (min) 
Figure 5.6 Sorption of metal ions as a function of contact time. (Experimental 
conditions: 100 mL solution, 20 ng mL"', 100 mg resin) 
Type ofeluting agents and resin reusability test 
Among the acids, H2SO4 and HNO3 could give a maximum recovery of 90% and 
95%, respectively, when a maximum of 10 mL (5.0 mol L ' ) each were used. When 10 
mL of 3 mol L ' HCl was used, almost complete desorption (recovery >99%) was 
observed. The efficacy of the eluent (3 mol L"' HCl) was studied taking its different 
volumes (1-10 mL). It was found that 3-5 mL of acid was sufficient for quantitative 
recovery (>99%) of the metal ions from all the resin. Therefore, 5 mL of 3 mol L'' HCl 
was used for the elution in all the further studies. 
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The resin cartridge can be regenerated fully with 3 mol L'' HCl easily. The resin 
cartridge can be regenerated fully up to 45 cycles (Fig. 5.7). Therefore, multiple use of 
the resin is feasible. Similar results are shown by batch method also. 
Stu^ of interferences 
Various cations and anions, which are inevitably associated with heavy metals, 
may interfere in the latter's determination through precipitate formation, redox reactions, 
or competing complexation reactions. In order to assess the analytical applicability of the 
resin to real samples, common chemical species such as sodium citrate, sodium tartrate, 
sodium oxalate, humic acid, fulvic acid, NOs^', COs^ ", NHt^, S04^', P04^', CI", K* and 
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Figure 5.7 Regenerability of AXAD-4-PTA 
on metal-collection was examined because both humic and fulvic acids are generally 
present in natural waters at ^g mL"' to ng mL* levels and form complexes with various 
heavy metals [31-33]. Very few literatures [34, 35] have considered the interference of 
these humic substances on the preconcentration of trace metal ions from natural waters. 
The tolerance limit is defined as the ion concentration causing a relative error smaller 
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than ± 5 % related to the preconcentration and determination of the analytes. Many 
anions and cations, which are inevitably associated with metal ions present at the trace 
level in all natural waters, produce no interference in the sorption of the heavy metals up 
to appreciable concentrations (Table 5.4). A relative error of less than 5 % was 
considered to be within the range of experimental error. 
Adsorption isotherm 
The linear isotherm occurs when the solute concentration needed to be purified is 
very small relative to the binding molecule of the solid phase. The linear plots of Cg/Qe 
versus Ce suggest the applicability of the Langmuir isotherms (Figure 5.8), where Ce is 
the equilibrium concentration (mg L"') and Qe is the amount adsorbed at equilibrium (mg 
g''). The values of Qm and b were determined from slope and intercepts of the plots and 
are presented in Table 5.5. From the values of adsorption efficiency, Qm we can conclude 
that the maximum adsorption corresponds to a saturated monolayer of adsorbate 
molecules on adsorbent surface with constant energy and no transmission of adsorbate in 
the plane of the adsorbent surface. To confirm the favorability of the adsorption process, 
the separation factor (RL) is calculated and presented in Table 5.5. The values were found 
to be between 0 and 1 which confirm that the ongoing adsorption process is favorable 
[36]. 
Preconcentration factor and breakthrough capacity 
The maximum preconcentration factors achieved for Ni(II), Mn(II), Cu(II), 
Zn(II), Cd(II), Cr(III) and Co(II) were 340, 340, 340, 340, 300, 260 and 260, respectively 
with the corresponding preconcentration limit of 5.8, 5.8, 5.8, 5.8, 6.7, 7.7 and 7.7 \ig L"' 
respectively. Breakthrough capacities (Table 5.6) are more significant and useful than 
overall sorption capacities when working under dynamic condition, as it gives the actual 
working capacity of the resin in the column. The overall capacity, breakthrough capacity 
and the degree of utilization was determined by the literature method [37]. The total 
sorption capacity calculated on the basis of total saturation volume was compared with 
the corresponding breakthrough capacities (Fig. 5.9) for each metal. The closeness of the 
dynamic capacity to the total sorption capacity and the high preconcentration factors 
(Table 5.6) reflect the applicability of the column technique for preconcentration. 
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5.4. Applications 
5.4.1 Determination of metal ions in natural water samples 
Applicability of the present method for preconcentration and determination of 
metal ions was accomplished by analyzing river, canal, sewage and tap water. A 500 mL 












1 —r I 1 
- • - Ni(ll) 
- O - Mn(II) 
—k- Cu(II) 
- A - Zn(II) 
- A - Cd(II) 
—ft— Cr(III) 
- • - Co(II) 
200 400 600 
C (mgmL-') 
800 1000 1200 
Figure 5.8 Langmuir isotherms for the sorption of metal ions onto AXAD-4-PTA. 
loaded on to the column of AXAD-4-PTA. The concentrations of metal ions were 
determined by following recommended method using FAAS (direct method). Recoveries 
of metal ions were ascertained by measuring the recovery of standard additions (S.A) 
from various real water (500 mL) samples which were spiked with metal ions of 
concentrations guided by middle value of preconcentration limit and maximum 
concentration of working range of calibration curve of FAAS in order to ensure complete 
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sorption and avoid dilution of the final eluate during determination. The concentrations 
reported in Table 5.7 as estimated by S.A. method are the values obtained by subtracting 
the amount of metal added for spiking from the total metal recovered. It was found that 
the mean percentage recoveries of all the metal ions studied were 98.8 -100.3%. Table 
5.7 depicts the results. 
600 800 1000 1200 1400 1600 
Volume of effluent (mL) 
1800 2000 2200 
Figure 5.9 Breakthrough curves for preconcentration of metal ions onto AXAD-4-PTA. 
(Column parameters: sorption flow rate 3.5 mL min', 0.5 g resin) 
5.4.2 Analysis of metal ions in standard reference materials 
The SRMs namely NIES 2, NIES 3, NIES 5, NIES 7, NIES 8, JSS (800-3) and 
NBS 627, after digestion by the recommended procedures, were employed for the 
recovery studies. Proper pH adjustment of the solutions (50 mL each) was made before 
performing the recommended column procedure. Table 5.8 illustrates the results. 
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5.4.3 Analysis of multivitamin capsules, infant powdered food, hydrogenated oil and 
Cyprinus carpio 
Multivitamin capsules, IMS, hydrogenated oil and Cyprinus carpio were subjected to 
preconcentration according to the recommended column procedure after their 
pretreatment (digested in 50 mL). The amount (student's 't' value for n=5, relative 
standard deviation, RSD%) of Cu(II) and Zn(II) found were 389.8 (1.12,4.3%) and 442.4 
(0.018, 2.8%) Jig g"' with the reported value of 398.2 and 442.5 jig g~' respectively for 
multivitamin capsule while 2.9 (1.901, 4.2%) and 35.9 (1.149, 3.2%) ng g'' when the 
reported value for IMS were 2.9 and 37.0 |ig g"' respectively. In the analysis of 
hydrogenated oil, the amount of Ni(II) obtained was 0.40 (RSD=2.9%) jig g~' when the 
reported value was 0.45 jig g~'. Table 5.9 depicts the results obtained for the analysis of 
fish. Hence, a good precision of RSD <5 reaffirms the reliability of AXAD-4-PTA for 
the analysis of real samples constituting complex matrices. 
5.5 Analytical figures of merit 
The accuracy of the present method was evaluated from the results of the analysis 
of various SRMs including environmental, biological and alloy samples. The mean 
concentration values of the metals studied agreed with the certified values. Calculated 
Student's t (t-test) values for respective metal ions were found to be less than the critical 
Student's /-value of 2.78 at 95% confidence level for n=5 (Table 5.8). Hence, the mean 
values were not statistically significant from the certified values indicating absence of 
bias in the present method. The consistency between found and certified values of metal 
content demonstrated that the described method could be applied successfully for the 
analysis of real matrices constituting different matrix. 
Using optimum conditions, the precision of the method was evaluated. Six 
successive sorption and elution cycles of 10 ng each of Ni(II), Mn(II), Cu(II), Zn(II), 
Cd(II), Cr(III) and Co(II) taken in 100 mL (eluted in 5 mL of 3 mol L"' HCl) were 
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Table 5.5 
























































below 5 %. The results of water analysis (with RSD < 5 %) as well as the analysis offish 
(with SD< 1,0) support the applicability of the method. 
The validity of the results was tested by standard addition method, by spiking a 
known amount (5 fig) of individual metal ions to the water samples. The results 
pertaining to the analysis of trace amount of metal ion of interest confirms the 
satisfactory recovery of the analytes. The close agreement of the results found by direct 
with that found by standard addition method (Table 5.7) indicates the reliability of the 
present method for metal analyses in water samples of various matrices without 
significant interference. 
The detection limits, evaluated as three times the standard deviation (s) of the 
blank signal, were found to be 0.62, 0.60, 0.65, 0.75, 0.72, 0.84, 0.85 ng U' for Ni(ll), 
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Analysis of standard reference materials for metal ion contents. 
(Column parameters: sorption flow rate 3.5 mL min'', elution flow rate 2 mL min', 0.2 g 
of resin) 
, Certified value Found by proposed method ct„A^»t<ct 
Samples ^^^^,^ (P^^-.^a Student st 
1.14,1.10, Vehicle exhaust Co: 3.3, Cu: 67.0, Co: 3.3(1.8), Cu: 66.5(1.4), particulates Ni: 18.5, Zn: Ni: 18.2(2.8), S'in'Vi'i 
NIES8'= 1040.0 Zn: 1034.1(1.1) i.w, i.io 
Pond sediment Zn: 343, Ni: 40, Zn: 340.9 (1.3), Ni: 39.0(3.3), Co: 1.06,1.70, 
NIES2 Co: 27, Cu: 210 25.9(4.8), Cu: 207.1 (1.6) 1.83,1.97 
Chlorella Zn: 20.5, Cu: 3.5, Zn: 19.7 (4.6), Cu: 3.4(4.6), Co: 1.99,1.58, 
N1ES3 Co: 0.87, 0.9(1.6) 1.62 
Human hair Zn: 169.0, Cu: Zn: 167.8(1.3), Cu: 15.9 (3.8), Ni: 1.18,1.55, 
NIES5' 16.3, Ni: 1.8, 1.8(2.6) 1.95 
Tea leaves Zn:33.0, Zn:31.9(4.5), 1.73, 
N1ES7' Cu:7.0,Ni:6.5 Cu: 6.7(4.6), Ni:6.3(4.6) 1.87,1.62 
Rompin Cu:640,Zn: Cu: 628.0(3.6), 
hematite, 1030.0, Zn: 1018.0(1.6) l , ' 
JSS (800-3)'' -^^ 5 
Zinc base die- Cu-1320 0 139 
casting alloy C Ni-'290 C"" 1311.0(1.1), Ni: 27.9 (4.6) \f' 
NBS627* 1^ 1-^ -^y ly^ 
a RSU. = Keiative standard deviationn = 5; b at ys % conlidence level; c National Institute of bnvironmental studies (NltS); d Iron 
and Steel Institute of Japan (JSS); e National bureau of Standards (NBS) 
Table 5.9 




























This phthalic acid modified chelating resin coupled with FAAS offers an 
excellent method that facilitates the determination of trace analytes and the efficient 
separation of heavy metals from various matrices found in natural samples (including 
water resources with high salinity). Since the natural acidity of environmental waters 
covers the range of pH 4-8, therefore, no pH adjustment is required for the enrichment 
procedure. The working pH range for all the metal ions is slightly acidic and therefore 
there is no possibility of their hydrolysis. The excellent ability for the exclusion of alkali 
and alkaline earth elements on the AXAD-4-PTA resin makes it desirable for use in the 
separation and preconcentration of trace elements because their presence often interfere 
in the subsequent FAAS determination. The results obtained demonstrate good 
reproducibility. Moreover, the use of a column preconcentration technique allows for the 
assessment of low trace metal concentrations, even by less sensitive determination 
methods such as FAAS. Preconcentration by this material (AXAD-4-PTA) from river 
water samples do not require any prior digestion of the samples. The use of organic 
solvents in the proposed method is eliminated. 
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Chapter 6 
Characterization of a novel chelating resin of 
enhanced hydrophilicity and its analytical utility for 
preconcentration of trace metal ions 
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6.1 Introduction 
A radical way to eliminate matrix effects is a preliminary separation of macro 
components by a relative, or absolute, preconcentration of trace metals. Preconcentration 
procedures allow one to decrease the detection limits while unifying the analytical 
schemes for materials of different nature, and simplifying the preparation of calibration 
samples, as well as improving the reliability of analysis. Therefore, the preconcentration 
and determination of trace metals in real samples have been a focus in environmental 
evaluation and protection study. Moreover, preconcentration and separation can lead to a 
higher confidence level and easy determination of the trace elements by less sensitive, but 
more accessible instrumentation such as flame atomic absorption spectrometry (FAAS) 
[1]. FAAS has been demonstrated [1-3] to be a very effective technique in combination 
with preconcentration procedures. The main advantage of this technique is the possibility 
of using a relatively simple detection system with flame atomization instead of a 
flameless technique, which require more expensive equipment and are usually much 
more sensitive to interferences from macro components of various natural matrices [4]. 
The use of chelating resin in solid-phase extraction (SPE) as metal ion extractants has 
turned out to be an active area of research in the field of separation science in the recent 
years [5-7]. TTie possibility to extract selectively a number of analytes over a wide pH 
range, quantitative sorption and elution, kinetically faster sorption and desorption 
mechanisms, good retention capacity, high preconcentration factor and regeneration of 
resins over many cycles with good reproducibility in the sorption characteristics are 
fi^quently quoted as an advantage [7]. It overcomes many drawbacks of solvent 
extraction namely the use of large volumes of carcinogenic organic solvent, emulsion 
formation caused by the mutual solubility between organic solvent and aqueous layer and 
analyte loss during multi-step extraction. The basic principle of SPE of trace element ions 
is the transfer of analytes from the aqueous phase to the active sites of the solid phase. 
Selectivity is one of the most important characteristic of sorbents [8]. From this point of 
view, the preferable ones are complexing sorbents, which ensure high selectivity towards 
heavy metals. Complexing sorbents destined for preconcentration of heavy metals are 
synthesized in different ways: the chemical modification of polymeric and mineral 
matrices (grafting of functional groups) or the non-covalent immobilization of reagents 
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(ligands) on various supports [9-12]. The sorption by complexing sorbents is 
accompanied by the formation of complexes of heavy metals with functional groups of 
sorbents, which allows selectively extracting metals from complex solutions. Ion 
exchange and the reduction of metals to the lowest oxidation level are also possible 
during sorption. In fact, the mechanism of the interaction of metals with complexing 
sorbents is complicated, and depends on both the type of complex-forming groups and 
the sorption conditions [13-15]. 
Amberlite XAD resins, as the copolymer backbone for the immobilization of 
chelating ligands, have some physical superiority, such as porosity, uniform pore size 
distribution, high surface area and chemical stability towards acids, bases, and oxidizing 
agents, as compared to other resins. Among these adsorbents, Amberlite XAD resins 
(XAD-2, XAD-4, XAD-7, XAD-16, XAD-1180 and XAD-2000) are very useful for the 
preconcentration of metal complexes [16-19]. The use of benzoic acid derivatives (with 
at least one hydroxyl group) as chelating ligands have been reported in previous works 
[20-27], which reflect their utility in the field of preconcentration and separation of metal 
ions. Except a few [28], the importance of hydrophilicity has not received due attention in 
previous works. High hydrophilicity would lead to faster kinetics so that preconcentration 
of large volumes of samples of trace metal ions by column operation would require lesser 
time. 
This paper reports on the synthesis and characterization of p-hydroxybenzoic acid 
modified Amberlite XAD-4 (AXAD-4-HBA) aiming to find an efficient material for the 
separation and pre-concentration of Co(II), Ni(II), Cu(II), Zn(II), and Pb(II) ions from an 
aqueous medium prior to their determination by flame atomic absorption 
spectrophotometry. The main objective for choosing this ligand is to bring into play the 
dual mechanism of accessibility and chelation by virtue of the presence of hydrophilic 
group (-COOH) at such a distant from the chelating site so that stcric factors may not 
hinder the process of chelation (Figure 6.1). Several parameters influencing the 
recoveries of analytes, including pH of sample, sample volume, eluent volume and effect 
of diverse ions have been investigated in detail. An optimized procedure has been applied 




Both batch and column methods (Section 2,7) have been employed for the sorption 
and elution studies of Co(II), Ni(II), Cu(II), Zn(II) and Pb(II) prior to their determination 
by flame atomic absorption spectrometry (FAAS). 
"(CH CH2)n 
^M»" (a) 
Figure 6.1 Structure of a monomeric unit of AXAD-4 modified with p-hydroxybenzoic 
acid; (a) is the probable chelating site and (b) is the hydrophilic group that 
enhances the hydrophilicity of the resin 
The recommended procedures (Section 2.6-2.7) have been applied for the 
determination of different experimental parameters, including physico-chemical 
properties, of the resin. 
The physico-chemical properties that have been determined include: 
> Water regain capacity of the modified resin was determined by the 
recommended procedure as described in section 2.6.1 
> Hydrogen ion capacity of the modified resin has also been evaluated (Section 
2.6.2) 
The experimental parameters that have been optimized include: 
> Optimum pH range for sorption was ascertained by applying the recommended 
procedure (Section 2.7.1) 
> Contact /half-loading time for sorption has been determined (Section 2.7.1) 
> Flow rate for sorption as well as for elution has also been determined (Section 
2.7.2) 
> Eluting agent for complete desorption (Section 2.7) 
> The recommended procedure (Section 2.7.2) was followed to determine the 
preconcentration factor 
> Breakthrough volume for sorption has been determined according to the 
recommended procedure (Section 2.7.2) 
> The recommended procedure (Section 2.7.2) was followed for the determination 
of limit of detection (LOD) for each metal. 
The following experiments have been performed for the validation of the method: 
> Recovery of metal ions fi-om standard reference materials (Section 2.8) 
> Recovery of metal ions from standard metal ion solutions has been ascertained 
(Section 2.8) 
> Student's t-test has been performed (Section 2.8.2) 
The method has been applied for the following applications: 
> Collection and pretreatment (Section 2.3.1) of natural waters prior to 
determination of trace metal ions 
> Determination of Cu(II) and Zn(n) in multivitamin formulation and infant milk 
substitute was made after digestion of the samples according to the 
recommended procedure as in section 2.3.2. 
> Digestion of hydrogenated oil was carried out (Section 2.3.4) prior to the 
determination of Ni(II) content. 
> The recommended procedure (Section 2.3.4) was followed for the digestion of 
fish samples prior to their analysis for metal content 
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6.3 Results and discussion 
6.3.1 Synthesis and characteristics of resin 
The results of elemental analyses of the dried beads of AXAD-4-HBA (C, 
62.96%; H, 4.86%; N, 9.82% agree with the values calculated by presuming the 
stoichiometry of its repeat unit to be Ci5Hi2N203'H20 (calculated: C, 62.94%; H, 4.89%; 
N, 9.79%). The nitrogen content of the nitrated resin and the subsequent reduced product 
was found to be 10.20% (7.28 mmol g"') and 13.00% (9.28 mmol g ') respectively. 
In thermo gravimetric analysis (Figure 6.2), the AXAD-4-HBA resin shows an 
earlier weight loss of 6.6 % up to 170 °C. This initial step corresponds to the endothermic 
peak in the DTA curve and may be attributed to the loss of sorbed water molecule. The 
TGA and elemental analyses together suggest that at least one water molecules per repeat 
unit is sorbed. The subsequent exothermic peak corresponding to the weight loss of 
13.42% up to 200 °C is observed for the modified resin. Thermal analysis indicated that 
the synthesized resin was stable up to 200 °C, above which degradation commences. 
The IR spectrum of the modified resin AXAD-4-HBA (Figure 6.3) was compared 
with that of untreated Amberlite XAD-4. The band at 3437 cm"' may be assigned to the 
phenolic hydroxyl group, while the other three additional bands at 1631, 2926 and 1699 
cm' may be due to azo (-N=N-) besides hydroxyl (-OH) and carboxy (> C=0) 
stretching vibrations of the carboxylic acid group respectively. The IR spectrum of the 
metal ion-free chelating resin was compared with those of the metal ion-saturated resin 
(Figure 6.4). A red shift (2-5 cm"') in the bands of the azo group and the disappearance 
of the phenolic hydroxyl group in the metal ion-saturated AXAD-4-HBA suggest that 
chelation of metal ions through -OH and -N=N- (azo) groups is probably responsible for 
metal sorption. 
After soaking the resin in mineral acids, such as HCl, HNO3 and H2SO4, it 
showed no loss in sorption capacity up to strength of 5 mol L"'. Again, after subjecting 
the resin to alkaline medium constituting 5 mol L"' NaOH, there was no loss in the 
sorption capacity. Hence, the resin exhibited high chemical stability. 
The water regain capacity (Table 6.1) was found to be 15.8 mmol g''. ITiis value 















Figure 6.2 TGA/DTA curves of AXAD-4-HBA 
overall hydrogen ion capacity junounts to 7.52 mmol g'' of resin, which may be due to 
the hydrogen ions of the carboxyl and the hydroxyl groups constituting the molecule. 
Theoretically, if that 3.5 mmol of the reagent constitute per gram of the resin, the 
hydrogen ion capacity due to the carboxylic and the hydroxyl groups should be 7.0 mmol 
g'', which is in close agreement with the experimental value. Table 6.1 depicts the 
physico-chemical characteristics of the resin. 
6.3.2 Optimum experimental parameters 
Effect ofpHon sorption capacity 
Preliminary experiments showed tiiat the maximum sorption of Co(II), Ni(II), Cu(II), 
Zn(II), and Pb(II) (Figure 6.5) was observed at pH ranges of 10.0, 8.0-9.0, 7.0, 7.0-8.0 
and 7.0-8.0, respectively (Table 6.1. Hence, pH 7.0 was adjusted for Cu(II), Zn(II) and 
Pb(II) while pH 9.0 and pH 10 were adjusted for Ni(II) and Co(II), respectively, in all 
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Figure 6.3 FT-IR spectrum of AXAD-4-HBA 
affect the sorption of metal ions. The batch capacities of the metal ions are indicated in 
the Table 6.3. 
Table 6.1 
Optimum conditions for sorption and desorption of metal ions 
Experimental parameters 
pH 
Flow rate (mL min ) for 
sorption 
Flow rate (mL min'') for 
elution 
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Figure 6.4 FT-IR spectrum of AXAD-4-HBA saturated with Cu(II) 
Table 6.2 
Physico-chemical characteristics of AXAD-4-HBA 
Nitrogen content of nitrated resin (mmol g"') 7.28 
Nitrogen content of aminated resin ( mmol g'') 9.28 
Nitrogen content of AXAD-4-HBA (%) 9.82 
Water regain capacity (mmol g ) 15.80 
Overall Hydrogen ion capacity (mmol g"') 7.52 
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PH 
Figure 6.5 Effect of sorption capacity on the pH. (Experimental conditions: 50 mL 
solution, 100 [ig mL'', 100 mg resin) 
Kinetics of sorption 
The loading half time needed to reach 50% of the total loading capacity was 
estimated from Figure 6.6. The loading half time (tm) values (Table 6.3) for all the 
metals are < 8 min that reflects its superiority over previously reported methods [22, 23]. 
The profile of metal ion uptake on these resins reflects good accessibility of the chelating 
sites in the resin. From the kinetics of sorption for each metal (Figure 6.6), it was 
observed that 15-30 min was enough for the sorbent to reach the saturation level for all 
the metals. Considering the Brykina method [3] the sorption rate constant, k can be 
calculated using the following equation: -In (1-F) = kt, where F = Qt / Q and Qt is the 
sorption amount at sorption time t and Q the sorption amount at equilibrium. Putting the 
value of Qt at ti/2 in the above equation we may get the corresponding value of k for every 
metal ion (Table 6.3). 
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Effect of flow rate for sorption and elation 
Observations indicated that metal retention on the resin was optimum at a flow rate 
equal or lower than 5 mL min'. The flow rates less tiian 2.0 mL min' were not studied to 
avoid long analyses times. Hence, a flow rate of 4.5 mL min'' was maintained throughout 
the column operations. During the subsequent elution of the retained metals from the 
adsorbent, recovery of higher than 95% was observed up to 3.5 mL min"'. The decrease 
in sorption, or exchange, with increasing flow rate is due to the decrease in equilibration 
time between two phases. In the elution studies, 100% recovery of the sorbed metals from 
the resin could be achieved up to a flow rate of 2 mL min'. Therefore, 2 mL min' was 
used for elution studies (Table 6.1). 
Table 6.3 
Kinetics and batch capacity of sorption of metal ions on AXAD-4-HBA 
(Experimental conditions: 100 mL solution, 100 mg of resin) 
XM ^ I- Loading halflime Rate constant Batch capacity 





















Type of elating agents and resin reusability test 
Among the acids, H2SO4 and HNO3 could give a maximum recovery of 90% and 
95%, respectively, when a maximum of 10 mL (5.0 mol L'') each were used. When 10 
mL of 2 mol L'' HCl was used, almost complete desorption (recovery >99%) was 
observed. The efficacy of the eluent (2 mol L"' HCl) was studied taking its different 
volumes (1-10 mL). It was found that 3-5 mL of acid was sufficient for quantitative 
recovery (>99%) of the metal ions from the resin. Therefore, 5 mL of 2 mol L ' HCl was 
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Figure 6.6 Kinetic of sorption of metal ions on AXAD-4-HBA (Experimental 
conditions: 100 mL solution, 20 fig mL"', 100 mg resin) 
up to 50 cycles (Fig. 6.8). The low concentration of the eluent acid prevents any leaching 
and thus contributes to the sustainability of the resin. Therefore, multiple use of the resin 
is feasible. Similar results are shown by batch method also. 
Study of interferences 
Various cations and anions, which are inevitably associated with heavy metals, 
may interfere in the latter's determination through precipitate formation, redox reactions, 
or competing complexation reactions. Common chemical species such as sodium citrate, 
sodium tartrate , sodium oxalate , humic acid, flilvic acid, NO3 ^ ', COj^', NRt"^ , S04 "^, 
PO4", C r , K* and Na"^  were checked for any interference in the sorption of these metals. 
The effect of humic substances on metal-collection was examined because both humic 
and fulvic acids are generally present in natural waters at ^g mL* to ng mL"' levels and 
form complexes with various heavy metals [29-31]. Very few literatures [32, 33] have 
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considered the interference of these humic substances on the preconcentration of trace 
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Figure 6.7 Effect of flow rate on the sorption of metal ions 
The tolerance limit is defmed as the ion concentration causing a relative error smaller 
than ± 5 % related to the preconcentration and determination of the analytes. Many 
anions and cations, which are inevitably associated with metal ions present at the trace 
level in all natural waters, produce no interference in the sorption of the heavy metals up 
to appreciable concentrations (Table 6.4). The use of buffer solutions does not interfere in 
the preconcentration of metal ions. A relative error of less than 5 % was considered to be 
within the range of experimental error. 
Adsorption isotherm 
The linear plots of Ce/Qe versus Ce, where Ce is the equilibrium concentration 
(mg L') and Qe is the amount adsorbed at equilibrium (mg g''), suggest the applicability 
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Number of cycles 
Figure 6.8 Regenerability of AXAD-4-HBA for metal ions 
of the Langmuir isotherms (Figure 6.9). The values of Qm and b were determined from 
slope and intercepts of the plots and are presented in Table 6.5. The linear isotherm 
occurs when the solute concentration needed to be purified is very small relative to the 
binding molecule of the solid phase. From the values of adsorption efficiency, Qm we can 
conclude that the maximum adsorption corresponds to a saturated monolayer of adsorbate 
molecules on adsorbent surface with constant energy and no transmission of adsorbate in 
the plane of the adsorbent surface. To confirm the favorability of the adsorption process, 
the separation factor (RL) is calculated and presented in Table 6.5. The values were found 




Tolerance limit of foreign 
(Experimental conditions: 
species (in binary mixtures) on sorption of metal ions. 
100 mL solution, 10 ng L ' of metal ion, 100 mg of resin) 



















3.32 X 10" 
3.31 X 10^  
2.21 X 10^  
4.12 X 10^  
4.08 X 10^  
4.12 X 10^  
6.67 X 10^  
2.65 X 10^  
2.59 X 10^  
6.59 X 10^  
7.23 X 10^  
83 
145 
7.21 X 10^  
7.43 X 10^  
7.83 X 10^  
Ni(II) 
3.32 X 10" 
3.31 X 10^  
2.21 X 10^  
4.12 X 10^  
4.08 X 10^  
4.12 X 10^  
6.67 X 10^  
2.65 X 10^  
2.59 X 10" 
6.59 X 10^  
7.23 X 10^  
83 
145 
7.21 X 10^  
7.43 X 10^  
7.83 X 10^  
Cu(II) 
2.32 X 10" 
2.31 X 10^  
1.21 X 10^  
3.12 X 10* 
4.08 X 10* 
4.12 X 10^  
6.67 X 10^  
2.65 X 10* 
1.59 X lo" 
1.59x10^ 
2.23 X 10' 
20 
45 
2.21 X 10^  
4.43 X 10^  
3.83 X 10^  
Zn(II) 
1.83 X 10' 
1.12x10* 
1.12 X 10* 
1.57 X 10* 
3.12 X 10* 
3.42 X 10* 
3.31 X 10^  
1.45 X 10* 
1.93 X 10" 
3.54 X 10' 
2.25 X 10' 
35 
85 
3.34 X 10^  
4.38 X 10^  
5.10 X 10^  
Pb(II) 
1.83 X 10=* 
1.12 X 10* 
1.12 X 10* 
1.57 X 10* 
3.12 X 10* 
3.42 X 10* 
3.31 X 10^  
1.45 X 10* 
1.93 X 10" 
3.54 X 10' 
2.25 X 10' 
35 
75 
3.34 X 10^  
4.38 X 10^  
5.10 X 10^  
Langmuir isotherm constants for sorption of metal ions on 
AXAD-4-HBA 
Metal 



































Preconcentraiion factor and breakthrough capacity 
The maximum preconcentration factors achieved for Co(II), Ni(II), Cu(II), Zn(II) 
and Pb(II) are 460, 460, 460, 360, 260 respectively with the corresponding 
preconcentration limit of 4.3, 4.3, 4.3, 5.5, 7.6 ng L"' respectively. The maximum 
volumes of metal ion solution from which quantitative recoveries (>99%) of metal can be 
made into 5 mL of 2 mol L'' HCl are reported in Table 6,6. The overall capacity, 
breakthrough capacity and the degree of utilization was determined by the literature 
method [35]. The total sorption capacity calculated on the basis of total saturation volume 
was compared with the corresponding breakthrough capacities (Figure 6.10) for each 
metal. Since dynamic capacity gives the working capacity for column operation, 
therefore, the closeness of the dynamic capacity to the total sorption capacity and the 
high preconcentration factors (Table 6.6) reflect the applicability of the column technique 
for preconcentration. The hydrophilic character of this resin plays a major role in 
enhancing the preconcentration factor as it facilitates faster attainment of equilibrium 
between the solid and the aqueous phase. 
6.4 Applications 
6.4.1 Determination of Co(II)» Ni(II), Cu(II), Zn(II), and Pb(II) in natural water 
samples 
Applicability of the present method for preconcentration and 
determination of metal ions was accomplished by analyzing river, canal, sewage and tap 
water. A 500 mL of each of the sample volume was adjusted to optimum pH by adding 
appropriate buffer system and loaded on to the column of AXAD-4-HBA. The 
concentrations of metal ions were determined by following recommended method using 
FAAS (direct method). Recoveries of metal ions were ascertained by measuring the 
recovery of standard additions from various real water (500 mL) samples which were 
spiked with metal ions of concentrations guided by middle value of preconcentration 
limit and maximum concentration of working range of calibration curve of FAAS in 
order to ensure complete sorption and avoid dilution of the final eluate during 
determination. The concentrations reported in Table 6.7 as estimated by S.A. method are 
the values obtained by substracting the amount of metal added for spiking from the total 
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Figure 6.9 Langmuir sorption isotherms depicting the sorption behavior of metal ions 
onto AXAD-4-HBA. 
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Figure 6.10 Breakthrough curves for the preconcentration of metal ions (Column 
parameters: sorption flow rate 4,5 mL min', 0.5 g resin) 
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metal recovered. It was found that the mean percentage recoveries of all the metal ions 
studied were 98-100%. Table 6.7 illustrates the results. 
6.4.2 Analysis of metal ions in standard reference materials 
The SRMs namely NIES 2, NIES 3, NIES 5, NIES 7, NIES 8, JSS (800-3) and 
NBS 627, after digestion by the recommended procedures, were employed for the 
recovery studies. Proper pH adjustment of the solutions (50 mL each) was made before 
performing the recommended column procedure. Table 6.8 illustrates the results. 
6.4.3 Analysis of multivitamin capsules, infant powdered food, hydrogenated oil and 
Cyprinus carpio 
Multivitamin capsules, IMS, hydrogenated oil and Cyprinus carpio were 
subjected to preconcentration according to the recommended column procedure after 
their pretreatment (digested in 50 mL). The results (Table 6.9, 6.10) show that recovery 
could be made with a good precision of RSD < 5%. 
6.5 Analytical figures of merit including precision, validation and detection limit 
The quantitative recovery of the metal ions is possible from trace level as 
reflected by the lower limit of preconcentration for large volumes as given in Table 6.6. 
From the Langmuir isotherm (Table 6.5), the regression coefficient (R^) and the 
separation factor (RL) were found to be 0.99< R^  <1.0 and 0< RL<1.0 for each metal 
suggesting the favorability of its sorption from aqueous medium. The validity of the 
results was tested by standard addition method, by spiking a known amount (5 ng) of 
individual metal ions to the water samples. The results pertaining to the analysis of trace 
amount of metal ion of interest confirms the satisfactory recovery of the analytes. The 
close agreement of the results found by direct (applying the recommended procedure 
without spiking) with that found by S.A. (standard addition after spiking) method (Table 
6.7) indicates the reliability of the present method for metal analyses in water samples of 
various matrices wlihout significant interference. The accuracy of the present method was 
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Preconcentration and determination of metal ions in natural water and sewage water 
(Experimental conditions: 100 mL solution, sorption flow rate 4.5 mL min', elution flow rate 2 







Sewage water (Ni 
plating industrial 
area, Aligarh) 


























































a Average ot tive deteimmations 
biological and alloy samples. The mean concentration values of the metals studied agreed 
with the certified values. Calculated Student's t (Mest) values for respective metal ions 
were found to be less than critical Student's t values (2.78, n=5) at 95% confidence level 
(Table 6.8). Hence the mean values were not statistically significant from the certified 
values indicating absence of bias in the present method. 
Using optimum conditions, the precision of the method was evaluated. Six 
successive sorption and elution cycles of 10 \ig each of Co(II), Ni(II), Cu(II), Zn(ll), and 
Pb(II) taken in 100 mL (eluted in 5 mL of 2 mol L ' HCl) were performed following the 
recommended procedure. The relative standard deviations (RSD) for the observed values 
were found to be below 5%. 
The calibration curves were found to be linear over the concentration ranges 0.0035-
0.750, 0.005-1.000, 0.0035-0.500, 0.005-0.010, 0.0075-1.500 fig mL' for Co(II), Ni(II), 
Cu(II), Zn(II) and Pb(II), respectively when the standard solutions were prepared in 100 
mL. The regression equations and correlation coefficients (r^), obtained by the method of 
least squares, were A=0.0024C + 0.0008 (r^ = 0.9968), A=0.0595C + 0.0042 (r^= 0.9989), 
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Table 6.8 
Analysis of standard reference materials for metal ion contents(Column parameters: 
sorption flow rate 4.5 mL min"', elution flow rate 2 mL min', 0.2 g of resin) 
, Certified value Found by proposed method c,. . ., . 
Samples , ,. A.„ i \a Studentst 
^ (^^gg-^) (^^gg-^) value" 
Vehicle exhaust Co: 3.3, Cu: 67, ^o: 3.2(4.5), Cu: 65.9(2.8), 1.87,1.34, 
particulates Ni: 18.5, Pb: Ni: 18.3(1.8) ,Pb: 217.1(1.5) 1.29, 1.32, 
NIES8'^ 219.0,Zn:1040 Zn: 1034.9(1.1) l.Oi 
Pond sediment ^^^^i'^'3'- Zn: 340.9(1.2), Ni: 39.0(3.2), Co: 1.15,1.75, 
NIES 2 710 0 25.9(4.7), Cu: 208.6( 1.2) 2.04, 1.20 
Chlorella Zn: 20.5, Cu: 3.5, Zn: 19.9(4.2), Cu: 3.4(4.2), Co: 1.72,1.73, 
NIBS 3 Co: 0.87, Pb: 0.60 0.9(1.6), Pb: 0.6(4.8) 1.62,1.61 
Human hair fx^^lr'^; o^L ^n: 167.9(1.2), Cu: 15.9(4.5), Ni: 1.28,1.95, 
NIES 5*= i^:- '^ ^^'- '•^' ^^'' 1.7(5.0), Pb: 5.8(4.4) 1.54, 1.93 
6.0 
Tea leaves Zn:33.0, Zn:31.7(4.5), 2.05, 
NIESr Cu:7.0,Ni:6.5 Cu: 6.8(4.2), Ni:6.4(2.5) 1.89,1.54 
Rompin Cu: 640.0, Zn: Cu: 631.1(1.8), 
hematite, 1030.0, Pb: 210.0 Zn: 1018.0(1.6) Ic '^ ic 




castineallovP "^= '^ ^O.O, Cu: 1310.4(1.1), Pb:80.9(2.3), Ni: 1.48,1.33, 
xmi 1 4 e ^ Pb:82.0,Ni: 29.0 27.9(4.7) 1.89 
a X ± RSD, n = 5 ; b at 95 % confidence level; c National Institute of Environmental studies (NIES); d Iron and Steel Institute of 
Japan (JSS); 
A=0.0834C + 0.0003 (r^= 0.9979), A=0.1046C + 0.0028 (r^= 0.9995) and A=0.0173C + 
0.0228 (r2= 0.9997) for CoQI), Ni(II), Cu(n), Zn(II) and Pb(II), respectively, where A is 
the absorbance and C is the metal ion concentration (^g mL''). The linearity of the 
calibration curves is apparent from the correlation coefficients (r^) which lie well above 
0.99. 
The detection limit evaluated as three times the standard deviation (s) of the blank 
signal along with the mean blank signals (absorbance) for 15 replicate measurements 
were found to be 0.47 (0.0007), 0.45 (0.0019), 0.50 (0.0013), 0.80 (0.0021), 1.37 (0.005) 
^g L-' for Co(II), Ni(II), Cu(II), Zn(II) and Pb(II), respectively. 
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Table 6.9 
Analysis of Common carbs (Cyprinus carpio) for metal content. 
Metal Muscles Livers Gills 



















Determination of metal ions in multi-vitamin capsule, infant milk substitute and 
hydrogenated oil. (Experimental conditions: 50 mL solution, sorption flow rate 4.5 mL 
min"', 0.2 g resin) 
„ , Reported value Found by proposed method ociAa Samples *: ,. / I N R S D (l^gg-l) (l^gg-n 
Maxirich (Cipla) Cu: 398.2; Zn: 442.5 Cu: 395.4, Zn: 438.6 3.3,2.2 
Lactogen 1 (Nestle) Cu: 2.9; Zn: 37.0 Cu: 2.8, Zn: 35.8 1.9,2.9 
Vanaspati ghee Ni: 0.45 Ni: 0.4 2.4 
a Average ot ttve aetenninations 
6.6 Conclusion 
p-Hydroxybenzoic groups immobilized on Amberlite XAD-4 resin can easily be 
used to separate heavy metal ions from aqueous solutions. AXAD-4-HBA has a higher 
sorption capacity which is superior in comparison to l-(2-pyridyIazo)-2-n^thol [36, 
37], salicylic acid [26], pyrocatechol violet [38] loaded Amberlite XAD-2; 2-
acetylmercaptophenyldiazo-aminoazobenzene (AMPDAA) [39] and dithiocarbamates 
[43] loaded Amberlite XAD-4. The relatively high chemical stability of AXAD-4-HBA 
in water, as well as the fast kinetics whereby heavy ions can be separated, renders this 
material potentially useful for analytical purposes. The rate constant is higher than most 
of the previously reported works [37-43]. Moreover, the use of a column 
preconcentration technique allows for the assessment of low trace metal concentrations, 
even by less sensitive determination methods such as FAAS. Preconcentration by this 
material (AXAD-4-HBA) from river water samples does not require any prior digestion 
199 
of the samples. The preconcentration factor achieved with the present procedure is higher 
than that obtained with other chelating resins [22, 26, 37-43]. Quantitative 
preconcentration of analytes could be affected even in the presence of common inorganic 
or organic matrix components as revealed by the interference studies. The tolerance 
limits of the investigated foreign species are much higher than most of the reported 
sorbents [37-41]. 
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Trace metal ions 
Solid phase extraction 
A B S T R A C T 
A stable extractor of metal ions was synthesized through azo linking of p-hydroxybenzoic acid with 
Amberlite XAD-4 and was characterized by elemental analyses, infrared spectral and thermal studies. Its 
water regain value and hydrogen ion capacity were found to be 15.80 and 7.52 mmol g"', respectively. 
Both batch and column methods were employed to study the sorption behavior for the metal ions which 
were subsequently determined by flame atomic absorption spectrophotometry. The optimum pH range 
for Co(II), Ni(ll). Cu(ll). Zn(ll), and Pb{ll) ions were 10.0, 8.0-9.0, 7.0, 7.0-8.0 and 7.0-8.0, respectively. 
The half-loading time, t,p, are 6.0, 8.0, 8.0, 8.0 and 4.0 min, respectively. Comparison of breakthrough 
and overall capacities of the metals ascertains the high degree of column utilization (>75%). The break-
through capacities for Co(ll), Ni(II), Cu(ll), Zn(ll), and Pb(ll) ions were found to be 0.46, 0.43, 0.42, 0.09 
and 0.06 mmol g-' with the corresponding preconcentration factor of 460,460,460,360 and 260, respec-
tively. The limit of preconcentration was in the range of 4.3-7.6 (JLg L"'. The detection limit for Co(ll). Ni(II), 
Cu(ll), Zn(ll) and Pb(ll) were found to be 0.47,0.45,0.50,0.80, and 1.37 (igL"', respectively. The Student's 
t (t-test) values for the analysis of standard reference materials were found to be less than the critical 
Student's t values at 95% confidence level.The AXAD-4-HBA has been successfully applied for the analysis 
of natural water, multivitamin formulation, infant milk substitute, hydrogenated oil and fish. 
® 2010 Elsevier B.V. All rights reserved. 
1. Introduction 
Significant accumulation of toxic metals in the environment and 
their persistent nature have been the subject of great concern in 
recent years due to their over increased use in various industries 
[1 ]. The toxicities of heavy metals may be caused by the inhibition 
and reduction of various enzymes, complexation with certain lig-
ands of amino acids and substitution of essential metal ions from 
enzymes (2.3 j . The indication of their importance relative to other 
potential hazards is their ranking by the U.S. Agency for Toxic Sub-
stances and Disease Registry, which lists all hazards present in the 
toxic waste sites according to their prevalence and severity of their 
toxicity. The first, second, third and sixth hazards on the list are 
heavy metals: lead, mercury, arsenic and cadmium, respectively [41. 
Their quantification in industrial effluents, various water resources, 
environmental and biological samples is important, especially in 
the environment monitoring and assessment of occupational and 
environmental exposure to toxic metals. 
• Corresponding author at: Department of Chemistry, Analytical Research Labo-
ratory. Aligarh Muslim University, Aligarh, Uttar Pradesh 202 002, India. 
Tel.: +91 9358979659. 
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0039-9140/$ - see front matter ® 2010 Elsevier B.V. All rights reserved. 
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Several analytical techniques such as anodic stripping voltam-
metty, atomic absorption spectrometry, inductively coupled 
plasma atomic emission spectrometry and inductively coupled 
plasma mass spectrometry are available for the determination of 
trace metals with sufficient sensitivity for most of applications. 
However, the direct determination of trace metals in real matri-
ces is difficult because of the low concentrations of the metals and 
strong interference from the sample matrix (5,6). 
A radical way to eliminate matrix effects is a preliminary 
separation of macrocomponents by a relative, or absolute, pre-
concentration of trace metals. Preconcentration procedures allow 
one to decrease the detection limits while unifying the analyt-
ical schemes for materials of different nature, and simplifying 
the preparation of calibration samples, as well as improving the 
reliability of analysis. Therefore, the preconcentration and deter-
mination of trace metals in real samples have been a focus in 
environmental evaluation and protection study. Moreover, precon-
centration and separation can lead to a higher confidence level and 
easy determination of the trace elements by less sensitive, but more 
accessible instrumentation such as flame atomic absorption spec-
trometry (FAAS) [7]. F/\AS has been demonstrated [7-9] to be a very 
effective technique in combination with preconcentration proce-
dures. The main advantage of this technique is the possibility of 
using a relatively simple detection system with flame atomization 
instead of a flameless technique, which require more expensive 
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equipment and are usually much more sensitive to interferences 
from macrocomponents of various natural matrices [ 10). The use of 
chelating resin in solid-phase extraction (SPE) as metal ion extrac-
tants has turned out to be an active area of research in the field 
of separation science in the recent years [11-13]. The possibility 
to extract selectively a number of analytes over a wide pH range, 
quantitative sorption and elution, kinetically faster sorption and 
desorption mechanisms, good retention capacity, high preconcen-
tration factor and regeneration of resins over many cycles with 
good reproducibility in the sorption characteristics are frequently 
quoted as an advantage 113]. It overcomes many drawbacks of sol-
vent extraction namely the use of large volumes of carcinogenic 
organic solvent, emulsion formation caused by the mutual solu-
bility between organic solvent and aqueous layer and analyte loss 
during multi-step extrartion. The basic principle of SPE of trace 
element ions is the transfer of analytes from the aqueous phase 
to the active sites of the solid phase. Selectivity is one of the most 
important characteristic of sorbents (14). From this point of view, 
the preferable ones are complexing sorbents, which ensure high 
selectivity towards heavy metals. Complexing sorbents destined 
for preconcentration of heavy metals are synthesized in different 
ways: the chemical modification of polymeric and mineral matrices 
(grafting of functional groups) or the non-covalent immobilization 
of reagents (ligands) on various supports (15-18]. The sorption 
by complexing sorbents is accompanied by the formation of com-
plexes of heavy metals with functional groups of sorbents, which 
allows selectively extracting metals from complex solutions. Ion 
exchange and the reduction of metals to the lowest oxidation level 
are also possible during sorption. In fact, the mechanism of the 
interaction of metals with complexing sorbents is complicated, and 
depends on both the type of complex-forming groups and the sorp-
tion conditions [19-21]. 
Amberlite XAD resins, as the copolymer backbone for the immo-
bilization of chelating ligands, have some physical superiority, 
such as porosity, uniform pore size distribution, high surface area 
and chemical stability towards acids, bases, and oxidizing agents, 
as compared to other resins. Among these adsorbents. Amber-
lite XAD resins (XAD-2, XAD-4, XAD-7, XAD-16, XAD-1180 and 
XAD-2000) are very useful for the preconcentration of metal com-
plexes [22-25J. The use of benzoic acid derivatives (with at least 
one hydroxyl group) as chelating ligands have been reported in 
previous works [26-33], which reflect their utility in the field of 
preconcentration and separation of metal ions. Except a few [34], 
the importance of hydrophilicity has not received due attention in 
previous works. High hydrophilicity would lead to faster kinetics 
so that preconcentration of large volumes of samples of trace metal 
ions by column operation would require lesser time. 
This paper reports on the synthesis and characterization of p-
hydroxybenzoic acid modified Amberlite XAD-4 {AXAD-4-HBA) 
aiming to find an efficient material for the separation and pre-
concentration of Co(II). Ni(ll), Cu(II), Zn(II), and Pb(ll) ions from 
an aqueous medium prior to their determination by flame atomic 
absorption spectrophotometry. The main objective for choosing 
this ligand is to bring into play the dual mechanism of accessibil-
ity and chelation by virtue of the presence of hydrophilic group 
(-COOH) at such a distant from the chelating site so that steric 
factors may not hinder the process of chelation. Several parame-
ters influencing the recoveries of analytes, including pH of sample, 
sample volume, eluent volume and effect of diverse ions have been 
investigated in detail. An optimized procedure has been applied 
to the determination of trace metals in natural water samples and 
some standard reference samples. 
2. Experimental 
2.1. Instruments 
A PerkinElmer model 3100 (Waltham, MA, USA), flame atomic 
absorption spectrometer was used for determining metal concen-
tration. Operating parameters set for the determination of elements 
are given in Table 1. An ELICO (Hyderabad, India) digital pH meter 
(U-120) was used for pH measurements. A thermostated mechan-
ical shaker-NSW-133 (New Delhi, India) at 200 strokes min"' was 
used for carrying out the equilibrium studies. Infrared (IR) spectra 
were recorded on a Fourier Transform-IR Spectrometer from Spec-
tro Lab-Interspec 2020(Newbury, UK) using KBr disc method. AShi-
madzu TG/DTA simultaneous measuring instrument, DTG-60/60H 
(Kyoto, Japan) was used for thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA). CHN analysis was carried out 
on Carlo Erba EAl 108 (Milan, Italy) elemental analyzer in Sophis-
ticated Analytical Instrument Facility of Central Drug Research 
Institute (Lucknow, India). A column (1 x 10 cm), for dynamic stud-
ies, was obtained from j-SlL Scientific industries, Agra, India. 
2.2. Reagents and solutions 
All solutions were prepared in distilled water. Stock solutions 
of nitrate salts of Co(Il). Ni(Il), Cu(ll), Zn(Il), and Pb(II) (supplied by 
Central Drug House (P) Ltd., New Delhi, India) at the concentration 
of lOOOmgL"' in 1% HNO3 were standardized by complexomet-
ric titration [35] before use. The working solutions of the metals 
were prepared by appropriately diluting the stock solutions. Buffer 
solutions, used for pH adjustment, were prepared with reagents 
obtained from Merck (Mumbai, India). For this, solutions contain-
ing suitable amounts of sodium sulfate-sodium bisulfate for pH 2. 
acetic acid-ammonium acetate for pH 4-6, ammonia-ammonium 
chloride for pH 8-10, and sodium hydroxide-sodium bi-phosphate 
for pH 12 were prepared in distilled water. Fulvic acid pow-
der and soluble humates containing 75% humic acid and 10% 
potassium were received as a gift from Nutri-Tech Solutions (Yan-
dina, Australia). Amberlite XAD'4 resin (Sigma-Aldrich Chemie 
GmbH, Steinheim, Germany) was purchased as 20-60 mesh par-
ticle size (40 A mean pore size) with 725 m^g"' of surface area. 
p-Hydroxybenzoic acid (HBA) was procured from Otto Chemicals 
Pvt. Ltd. (Mumbai. India). Standard reference materials such as 
vehicle exhaust particulates NIES 8, Pond sediment NIES 2, Chlorella 
NIES 3, Human hair NIES 5, Tea leaves NIES 7 were obtained from 
the National Institute of Environmental Studies (Ibaraki, Japan), 
Table 1 
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Rompin hematiteJSS (800-3) obtained from the Iron and Steel Insti-
tute of Japan (Tokyo, Japan) and Zinc base die-casting alloy C NBS 
627 provided by the National bureau of Standards, U5. Depart-
ment of Commerce (Washington. DC, USA). A multivitamin capsule 
(bearing the commercial name Maxirich) was procured from Cipla 
Limited (Mumbai, India) and Infant milk substitute (commercially 
available as Lactogen 1) was obtained from Nestle India Limited 
(New Delhi, India). Hydrogenated oil (locally known as Vanaspati 
ghee) was obtained from the local market, Aligarh, India. All the 
reagents (HNO3, HCI, HCIO4 and H2O2) used for wet digestion of 
the samples were procured from Merck (Mumbai, India). 
2.3. Pretreatment of samples 
2.3.1. Natural and sewage water samples 
The water samples namely river water (collected from the 
Ganga, Narora), canal water (collected from Kasimpur, Aligarh), 
sewage water (collected from area in the vicinity of local nickel 
electroplating industry, Aligarh) and tap water (collected from 
University campus) were immediately filtered through Millipore 
cellulose membrane filter (0.45 |xm pore size), acidified to pH 2 
with concentrated HNO3 (obtained from Merck, Mumbai, India), 
and stored in precleaned polyethylene bottles. 
2.3.2. Digestion of environmental, biological and alloy standard 
reference materials (SRMs) 
To dissolve the environmental SRMs (Vehicle exhaust par-
ticulates NIES 8 and Pond sediment NIES 2). a 0.5 g of the 
sample was dissolved by adding lOmL of concentrated nitric acid 
(15.5 mol L~'), 10 mL of concentrated perchloric acid (12.2 mol L-') 
and 2mL of concentrated hydrofluoric acid (22.4mol L"') in a 
100 mL in a Teflon beaker. The solution was evaporated to near 
dryness, redissolved in minimum volume of 2% HCI, filtered and 
made up to 50 mL volume in a calibrated flask. 
The sample solutions of biological SRMs (Human hair NIES 5 and 
Tea leaves NIES 7) were prepared as proposed by the international 
atomic energy agency [361. A 50 mg (600 mg for Chlorella NIES 3) of 
each of the samples was agitated with 25 mL of acetone, and then 
washed three times with distilled water and with 25 mL of ace-
tone. The contact time of the cleaning medium with the sample was 
10 min. The samples were finally dried for 16 h at 100 °C. Then each 
of the samples was dissolved in 10-20 mL of concentrated nitric 
acid. After adding 0.5 mL of 30% H2O2, the solution was boiled to 
dryness. The residue obtained was dissolved in minimum amount 
of 2% HCI and made up to a 50 mL volume in a calibrated flask. 
The solution of standard alloys (Rompin hematite JSS (800-3) 
and Zinc base die-casting alloy C NBS 627) was prepared by taking 
25 mgof the sample into a beaker and dissolved in 10-50 mLofaqua 
regia. The solution was boiled to near dryness. Finally the residue 
was dissolved in minimum volume of 2% HCI and filtered through 
a Whatman filter paper no. 1. The residue was washed with two 
5 mL portions of hot 2% HCI. The aqueous layer was evaporated to 
dryness. The residue was redissolved in 5 mL of 2% HCI and made 
up to 50 mL with distilled water. 
2.3.3. Digestion o/mu/ti-vitamin/ormulation, infant milk 
substitute and hydrogenated oil 
Five multivitamin capsules (5.64g) were taken in a beaker 
containing 25 mL of concentrated HNO3 and digested by slowly 
increasing the temperature of the mixture to 120'C. The mixture 
was further heated till a solid residue was obtained. It was allowed 
to cool and then dissolved in 20 mL of concentrated HNO3. The solu-
tion was gently evaporated on a steam bath until a residue was left 
again. It was subsequently mixed with 50 mL of distilled water and 
concentrated HNO3 was then added dropwise until a clear solution 
was obtained on gentle heating. 
Powdered infant milk substitute sample (200 mg) was heated 
in a beaker containing mixture of concentrated H2SO4 (20 mL) and 
HNO3 (10 mL) till a clear solution was obtained. It was allowed to 
cool and most of the acid was neutralized with NaOH. The total 
volume was made up to 50 mL and kept as stock. 
Hydrogenated oil (2g) was taken in a beaker and dissolved in 
15mL of concentrated nitric acid with heating. The solution was 
cooled, diluted and filtered. The filtrate was made up to 50 mL with 
deionized water after adjusting its pH to the optimum value. 
2.3.4. Digestion offish samples 
A total of 10 fishes (10.13 cm length and weighing 35.70 ± 0.60 g 
each), common carbs (Cyprinus carpio) were caught from different 
locations of the river Ganga (Narora, Aligarh). Fish were dissected 
to separate organs (flesh, gills, liver and kidney) according to FAD 
methods (37). The separated organs were put in Petri dishes to dry 
at 120 =C until a constant weight was reached. The separated organs 
were placed into digestion flasks and ultrapure concentrated nitric 
acid and hydrogen peroxide (1:1, v/v) was added. The digestion 
flasks were then heated to 130°C until all the materials were dis-
solved. The digest was diluted with double distilled water (50 mL) 
for further experiments. 
2.4. Functionalization o/Amberlite XAD-4 resin 
An amount of 5g of air-dried Amberiite XAD-4 resin was 
pretreated with an ethanol-hydrochloric acid-water (2:1:1) 
solution for overnight and subsequently rinsed with triply distilled 
water until pH of the supernatant water became neutral so that 
it becomes free from any impurities. The resin beads were then 
subjected to modification by initially nitrating and then subse-
quently reducing to the amino compound. The amino compound 
was washed thoroughly with 2molL"' NaOH and then with 
4 mol L'' HCI in order to remove the excess SnCl2. The product was 
diazotized according to the recommended procedure [38]. After 
amination, the subsequent steps were carried out at a temperature 
of 0-5 °C in order to prevent the degradation of the intermediates. 
The diazotized product was rapidly filtered ofT, washed with cold 
distilled water until free from acid and then subjected to coupling 
reaction by treating it with a solution of p-hydroxybenzoic acid 
(2.5 g) in 10% NaOH mixed with ethanol at a temperature as low 
as 0-5 =C over a period of 24h. The final product was filtered off 
and thoroughly washed with 2molL~^ HCI and distilled water 
until free from alkali and acid. Finally, the functionalized resin 
(henceforth abbreviated as AXAD-4-HBA) was dried at 50 °C and 
kept over fused CaCl2 in a desiccator for further use. 
2.5. Characterization of the functionalized resin 
The resin was characterized by its elemental analysis and IR 
spectral data. The thermal and chemical stabilities and water regain 
capacity of the resin were also determined. 
2.5.1. Elemental analysis 
The extent of the coupling reaction may be interpreted from the 
composition of the final resin. The total nitrogen content can give a 
good approximation of the quantity of p-HBA incorporated. Hence, 
the synthesized resin was subjected to elemental (CHN) analysis. 
2.5.2. Thermal and chemical stability 
The thermal stability of the resin was studied by TGA and DTA 
analysis. To check the applicability of the resin, it was also kept at 
a constant temperature of 200 °C for 24 h and then the metal sorp-
tion capacity was determined by the recommended batch method. 
Resistance to chemical changes was tested by soaking the resin 
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in 25 mL of add (l-IOmolL-^ of HCl or HNO3) and alkaline solu-
tion (1-5 mol L-' of NaOH) for 48 h and subsequently washed. The 
sorption capacity was later determined by the recommended batch 
method. 
2.5.3. Water regain value and hydrogen ion capacity 
The rate of metal ion phase transfer is governed by the extent 
of hydrophilicity of the polymeric matrix. Water regain is defined 
as the amount of water absorbed by 1.0 g of polymer. The dried 
resin was stirred in doubly distilled water for 48 h, and then fil-
tered off by suction, dried in air. weighed, dried again at 100 C 
overnight and reweighed. The water regain value was calculated 
as: W- (m„ - md )/md. where m„ is the weight of the air-dried poly-
mer after filtration by suction and mj is the weight of the resin after 
drying at 100°C overnight. For overall hydrogen ion capacity, an 
accurately weighed (0.5g) resin was first treated with 4.0mol L"^  
HCl and then filtered off, washed with distilled water to make it free 
from acid and dried at lOCC for 5-6 h. The acidic form of the resin 
was equilibrated with 20.0 mL of 0.1 mol L-^  NaOH solution for 6 h 
at room temperature at stirring condition and then the excess alkali 
was estimated with 0.1 mol L"' hydrochloric acid solution. In order 
to evaluate the contribution of both the carboxylic and the hydrox-
ylic hydrogen ions to the overall hydrogen ion capacity, another 
sample of the resin in the acid form was equilibrated with NaHCOs 
solution in place of NaOH. 
2.6. Recommended procedure for sorption and desorption studies 
of metal ions 
2.6.1. Batch'static'method 
A weighed amount of the synthesized resin was equilibrated 
with suitable volume of metal solution of appropriate concentra-
tion maintained at constant pH for 2 h. The resin was filtered and 
the sorbed metal ions were desorbed by shaking with 2 mol L"' HCl 
and subsequently analyzed by FAAS. 
2.62. Column 'dynamic' method 
A sample of modified resin was soaked in water for 24 h and 
then poured into a glass column (1 x 10cm). The resin bed in the 
column was further buffered with 5 mL of the appropriate buffer 
system. A solution of metal ions of optimum concentration was 
passed through the column at an optimum flow rates after adj usting 
to a suitable pH with suitable buffers. After the sorption operation, 
recovery experiments were performed; for this purpose the column 
was washed with water and then 5 ml of 2 mol L^ ^ HCl was made 
to percolate through the bed of loaded resin whereby the sorbed 
metal ions get eluted. The eluents were collected in 5 mL for the 
subsequent determination by FAAS. 
2.6.3. Column procedure for calibration and detection limit 
The standard solutions for calibration, for each metal, were pre-
pared in lOOmL by taking suitable aliquot of metal ions and buffer 
solutions, and then subjected to the recommended column pro-
cedure. A blank run was also performed applying recommended 
column procedure with the same volume of aqueous solution pre-
pared by adding suitable buffer (excluding metal ions) and finally 
eluting the same in 5 mL before subjecting it to FAAS determination. 
3. Results and discussion 
3.1. Synthesis and characteristics of resin 
The results of elemental analyses of the dried beads of AXAD-
4-HBA (C, 62.96%; H, 4.86%; N, 9.82%) agree with the values 
calculated by presuming the stoichiometry of its repeat unit to 
be CisHuNzOs-HzO (calculated: C. 62.94%; H, 4.89%; N, 9.79%). 
The nitrogen content of the nitrated resin and the subsequent 
reduced product was found to be 10.20% (7.28mmolg-i) ^^d 
13.00% (9.28 mmolg-'). respectively. 
In thermogravimetric analysis, the AXAD-4-HBA resin shows an 
earlier weight loss of 6.6% up to 170 °C. This initial step corresponds 
to the endothermic peak in the DTA curve and may be attributed to 
the loss of sorbed water molecule. The TGA and elemental analyses 
together suggest that at least one water molecules per repeat unit 
is sorbed. The subsequent exothermic peak corresponding to the 
weight loss of 13.42% up to 200 °C is observed for the modified 
resin. Thermal analysis indicated that the synthesized resin was 
stable up to 200 °C, above which degradation commences. 
The IR spectrum of the modified resin AXAD-4-HBA was com-
pared with that of untreated Amberlite XAD-4. The band at 
3437 cm-i may be assigned to the phenolic hydroxyl group, while 
the other three additional bands at 1631,2926 and 1699 cm"' may 
be due to azo (-N=N-) besides hydroxyl (-0H) and carboxy (>C=0) 
stretching vibrations of the carboxylic acid group, respectively. The 
IR spectrum of the metal ion-free chelating resin was compared 
with those of the metal ion-saturated resin. A red shift (2-5 cm"') 
in the bands of the azo group and the disappearance of the pheno-
lic hydroxyl group in the metal ion-saturated AXAD-4-HBA suggest 
that chelation of metal ions through -OH and -N=N-(azo) groups 
is probably responsible for metal sorption. 
After soaking the resin in mineral acids, such as HCl, HNO3 and 
H2SO4, it showed no loss in sorption capacity up to strength of 
5 mol L-'. Again, after subjecting the resin to alkaline medium con-
stituting 5 mol L-' NaOH, there was no loss in the sorption capacity. 
Hence, the resin exhibited high chemical stability. 
The water regain capacity was found to be 15.8 mmol g ' . This 
value reflects the high hydrophilicity of the resin which is excellent 
for column operation. The overall hydrogen ion capacity amounts 
to 7.52 mmolg-^ of resin, which may be due to the hydrogen ions 
of the carboxyl and the hydroxyl groups constituting the molecule. 
Theoretically, if that 3.5 mmol of the reagent constitute per gram of 
the resin, the hydrogen ion capacity due to the carboxylic and the 
hydroxyl groups should be 7.0 mmol g-^, which is in close agree-
ment with the experimental value. 
3.1.1. Effect ofpH on sorption capacity 
Optimum pH of metal ion uptake was determined by static 
method. Excess of metal ion (50 mL, 100 [xgmL"') was shaken with 
lOOmg of resin for 120min. The pH of metal ion solution was 
adjusted prior to equilibration over a range pH 2-10 with the cor-
responding buffer system. pH > 10 was not studied to avoid metal 
hydroxide precipitation. Preliminary experiments showed that the 
maximum sorption of Co(II). Ni(II), Cu(ll), Zn(Il), and Pb(ll) (Fig. 1) 
was observed at pH ranges of 10.0,8.0-9.0,7.0,7.0-8.0 and 7.0-8.0, 
respectively. Hence, pH 7.0 was adjusted for Cu(ll), Zn(II) and Pb(ll) 
whiJe pH 9.0 and pH 10 were adjusted for Hi(U) and Co(l)), respec-
tive])/, in all further experiments. The addition of 2-5 mL of buffer 
solution to adjust the pH did not affect the sorption of metal ions. 
The batch capacities of the metal ions are indicated in Table 2. 
Table 2 
Kinetics and batch capacity of sorption of metal ions on AXAD-4-HBA{experimentai 
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3.1.2. Kinetics of sorption 
For studying the effect of time on the sorption capacity, a 0,1 g 
amount of resin beads was stirred with 100 mL of solution contain-
ing one of the metal ions (20 jig mL) at two different temperatures 
for 2.5.10.20.30,40.60,80,100 and 120 min (under the optimum 
conditions). The loading half time needed to reach 50% of the total 
loading capacity was estimated from Fig, 2, The loading half time 
(tip) values (Table 2) for all the metals are <8 min that reflects its 
superiority over previously reported methods (28,29), The profile 
of metal ion uptake on these resins reflects good accessibility of the 
chelating sites in the resin. From the kinetics of sorption for each 
metel (Rg. 2), it was observed that 15-30.min was enough for the 
sorbent to reach the saturation level for all the metals. Considering 
the Brykina method [9] the sorption rate constant, k can be calcu-
lated using the following equation: -ln(1 -F)-kr. where F-QxIQ 
and Qt is the sorption amount at sorption time t and Q the sorption 
amount at equilibrium. Putting the value of Qt at ti;2 in the above 
equation we may get the corresponding value of k for every metal 
ion (Table 2), 
3.1.3, Effect offlow rate for sorption and elution 
The effect offlow rate on the sorption was studied by varying 
the flow rate 2-8mLmin-i at the pH chosen for maximum sorp-
tion, keeping a constant column height. Observations indicated that 
metal retention on the resin was optimum at a flow rate equal 
or lower than SmLmin"'. The flow rates less than 2.0mLmin-' 
were not studied to avoid long analyses times. Hence, a flow rate 
of 4,5mLmin-i was maintained throughout the column opera-
tions. During the subsequent elution of the retained metals from 
the adsorbent, recovery of higher than 95X was observed up to 
3,5 mLmin-', The decrease in sorption, or exchange, with increas-
ing flow rate is due to the decrease in equilibration time between 
two phases. In the elution studies, 100% recovery of the sorbed met-
als from the resin could be achieved up to a flow rate of 2 mL min^', 
Therefore. 2 mLmin"' was used for elution studies. 
3.1.4. Type ofeluting agents and resin reusability test 
Recovery studies were performed with different mineral acids 
namely H2SO4, HCI and HNO3. The efficiency of stripping was 
studied by using different volumes (1-IOmL) and concentrations 
(0,l-5,0mol L-') of the mineral acids. Among the acids, H2SO4 and 
HNO3 could give a maximum recovery of 90% and 95%. respec-
tively, when a maximum of lOmL (5,0molL-') each were used. 
When 10 mLof2 mol L"' HCI was used, almost complete desorption 
(recovery >99%) was observed. The efficacy of the eluent (2 mol L~' 
HCI) was studied taking its different volumes (1-10 mL). It was 
found that 3-5 mL of acid was sufficient for quantitative recovery 
(>99%) of the metal ions from the resin. Therefore, 5 mL of 2 mol L"' 
HG was used for elution in all the further studies. 
The resin was subjected to several loading and elution cycles 
by the dynamic method. The low concentration of the eluent add 
prevents any leaching and thus contributes to the sustainability 
of the resin. The resin cartridge can be regenerated fully up to 50 
cycles. Therefore, multiple use of the resin is feasible. Similar results 
are shown by batch method also, 
3.1.5, Study 0/interferences 
Various cations and anions, which are inevitably associated with 
heavy metals, may interfere in the Otter's determination through 
precipitate formation, redox reactions, or competing complexa-
tion reactions. Common chemical species such as sodium citrate, 
sodium tartrate, sodium oxalate, humic acid, fulvic acid, (NOa)^ *, 
(COa)^ -, (NH4)*, SO42-, PO42-, C1-. K* and Na* were checked for 
any interference in the sorption of these metals. The effect of humic 
substances on metal-collection was examined because both humic 
and fulvic acids are generally present in natural waters at .^g mL~^  
to ngmL~' levels and form complexes with various heavy metals 
(39-41 ], Veiy few literatures (42.43) have considered the interfer-
ence of these humic substances on the preconcentration of trace 
metal ions from natural waters. In order to determine the tol-
erance limit of the resin for various interfering electrolytes and 
metal ion species, studies were carried out using metal ion solu-
tions(100mL, 10iJigL"') equilibrated individually with lOOmgof 
resin with vaiying amounts of electrolyte or metal ions till inter-
ference was observed. The tolerance limit is defined as the ion 
concentration causing a relative error smaller than ±5% related 
to the preconcentration and determination of the analytes. Many 
anions and cations, which are inevitably associated with metal 
ions present at the trace level in all natural waters, produce no 
interference in the sorption of the heavy metals up to apprecia-
ble concentrations (Table 3), The use of buffer solutions does not 
interfere in the preconcentration of metal ions. A relative error of 
less than 5% was considered to be within the range of experimental 
error. 
3./.& Adsorption isotherm 
For an adsorption column, the column resin (the stationary 
phase) is composed of microbeads. Each binding particle that is 
attached to the microbead can be assumed to bind in a 1:1 ratio with 
the solute sample sent through the column that needs to be purified 
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or separated. At the concentration range (1.5-10.0 x lO-'^gL"') 
studied for Co(II). Ni(n). Cu(Il). Zn(Il). and Pb{ll), the dau were suc-
cessfully applied for the Langmuir isotherm. The Langmuir model 
assumes that sorption occurs on defined sites of the sorbent with 
no interaction between the sorbed species and that each site can 
accommodate only one molecule (monolayer adsorption) with the 
same enthalpy sorption, independent of surface coverage. There-
fore, considering the surface coordination reaction below: 
X + Ce**Qe (1) 
where X is an adsorptive site on the AXAD-4-HBA. Ce is the equi-
librium concentration of metal ions in the aqueous phase (mol L"') 
and XC is the surface density that can also be represented as the 
equilibrium concentration of metal in the solid phase, Qe (mol g-'). 
The mass law for this reaction is: 
b = XC CeX (2) 
where the constant b or adsorption coefficient is related to the bind-
ing enetjy of the solute and adsorption enthalpy. The mass balance 
forXcan be expressed as: KS -X+XC. Therefore, at high Ce, KS repre-
sents the saturation of the AXAD-4-HBA (Qm - KS) with a monolayer 
coverage of metal ions. Appropriate substitution and rearrange-
ment of Eqs. (1) and (2) leads to the linearized form of Langmuir 
isotherm in equation represented by the following equation |44]. 
C, _ 1 C, 
Qe Qmb Qm 
Here, Ce is the equilibrium concentration (mg L~'), Qe is the amount 
adsorbed at equilibrium (mgg-^) and Qm and b is Langmuir con-
stants related to adsorption efficiency and energy of adsorption, 
respectively. The linear isotherm occurs when the solute concen-
tration needed to be purified is very small relative to the binding 
molecule of the solid phase. The linear plots of Ce/Qe versus Ce 
suggest the applicability of the Langmuir isotherms (Fig. 3). The 
values of Qm and b were determined firom slope and intercepts of 
the plots and are presented in Table 4. From the values of adsorp-
tion efiiciency, Qm we can conclude that the maximum adsorption 
corresponds to a saturated monolayer of adsorbate molecules on 
adsorbent surface with constant energy and no transmission of 
adsorbate in the plane of the adsortient surface. To confirm the 
favorability of the adsorption process, the separation factor (RL) 
is calculated and presented in Table 4. The values were found to 
be between 0 and 1 which confirm that the ongoing adsorption 




Hg. 3. Langmuir sorption isotherms depicting tlie sorption behaviour of metal ions 
onto AXAD-4-HBA. COhimn parameters: sorption flow rate 4.5 mL min-', 0 J g resin. 
3.1.7. Preconcentration factor and breakthrough capacity 
The lower limit of quantitative preconcentration below which 
recovery becomes non-quantitative (preconcentration limit) was 
determined by increasing the volume of metal ion solution and 
keeping the total amount of loaded metal ion constant at 10^,g. 
The maximum preconcentration factors achieved for Co(ll), Ni(II), 
Cu(ll). Zn(ll) and Pb(Il) are 460, 460, 460, 360. and 260, respec-
tively with the corresponding preconcentration limit of 43,4.3,4.3, 
5.5, and 7.6 ^JlgL~^ respectively. The maximum volumes of metal 
ion solution from which quantitative recoveries (>99%) of metal 
can be made into 5 mL of 2 mol L"' HCI are reported in Table 5. 
The breakthrough volume, which corresponds to the volume at 
which the effluent concentration of any chemical species from the 
column is about 3-5% of the influent concentration, was deter-
mined by applying the recommended procedure to 1500-2500 mL 
Table 4 








































Tolerance limit of foreign species (in binary mixtures) on sorption of metal ions (experimental conditions: 100 mL solution, 10 )ig L' of metal ion. 100 mg of resin). 
Foreign species Tolerance riatio [foreign species (^g L-' )/metal ion ((ig L-')) 








COs^ - (N%CQ )^ 
Citrate (sodiuffl citrate) 
Oxalate (Na2Ci04) 











6,67 X 10' 
2.65 X 10* 
2.59 X to* 
6.59 X 10' 






332 X 106 
331 X 10* 
2.21 X 10* 
4.12 X 10* 
4.08 X 10* 
4.12x10* 
6.67 X 105 
2,65 X 10* 
2.59x10* 





7.43 X 10* 
7,83 X 10* 
232x10* 
Z31 X 10* 
1.21 X 10* 
3.12x10* 
4.08 X 10* 
412 X 10* 
6.67 X 105 
2.65 X 10* 
1.59x10* 
1.59 X 10* 
2.23 X 10^ 
20 
45 
2,21 X 10* 
4.43 X10* 




1.57 X 10* 
3,12 X 10* 
3.42x10* 
331 X10* 
1.45 X 10* 
1.93x10* 
3.54 X Itf 




4 3 8 x l 0 » 
5.10x10' 
1.83 X 10' 
1.12 X 10' 
1.12x10* 
1.57 x 10^  
3.12x10* 
3.42 X 10* 
331 X 10* 
1.45 X 10* 
1.93x10* 
3.54 X ltf> 
2.25 X 10' 
35 
75 
3 3 4 x 1 0 ' 
4 3 8 x 1 0 ' 
5,10 X 10* 
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TjibleS 
Preconcentration and breakthrough profiles of metal ions on p-HBA ftinctionalized resin. Column parameters: sorption flow rate 4.5 ml min"'. elution flow rate 2 mL min-', 
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Fig. 4. Breakthrough curves for the preconcentration of metal ions. Column param-
eters: sorptran flow rate 4 3 ml min-', 0 5 g resin. 
of the metal ion solution. The effluent fractions were collected 
in 5 mL and analyzed for the presence of the metaL The overall 
capacity, breakthrough capacity and the degree of utilization was 
determined by the literature method [45). The total sorption capac-
ity calculated on the basis of total saturation volume was compared 
with the corresponding breakthrough capacities (Fig. 4) for each 
metal. Since dynamic capacity gives the working capacity for col-
umn operatioa therefore, the closeness of the dynamic capacity 
to the total sorption capacity and the high preconcentration fac-
tors (Table 5) reflect the applicability of the column technique for 
preconcentratiotu The hydrophilic character of this resin plays a 
major role in enhancing the preconcentration factor as it facilitates 
faster attainment of equilibrium between the solid and the aqueous 
phase. 
3.2. Analytical figures of merit including precision, validation and 
detection limit 
The quantitative recovery of the metal ions is possible from 
trace level as reflected by the lower limit of preconcentration for 
large volumes as given in Table 5. From the Langmuir isotherm, 
the regression coefficient (R )^ and the separation factor (RL) were 
found to be 0.99 < R^  < 1.0 and 0 < RL < 1 0 for each metal suggesting 
the favorability of its sorption from aqueous medium. 
The validity of the results was tested by standard addition 
method, by spiking a known amount (5 .^g) of individual metal ions 
to the water samples. The results pertaining to the analysis of trace 
amount of metal ion of interest confirms the satisfactory recovery 
of the analytes. The close agreement of the results found by direct 
(applying the recommended procedure without spiking) with that 
found by SA (standard addition after spiking) method (Table 6) 
indicates the reliability of the present method for metal analyses in 
water samples of various matrices without significant interference. 
The accuracy of the present method was evaluated from the 
results of the analysis of various SRMs including environmental, 
biological and alloy samples. The mean concentration values of 
the metals studied agreed with the certified values. Calculated 
Student's t (t-test) values for respective metal ions were found to be 
less than critical Student's t values (2.78, n - 5) at 95% confidence 
Tables 
Preconcentration and determination of metal ions in natural waters collected from various locations. Experimental conditions: lOOmL solutioa sorption flow rate 
























6.9 ± 0.2Q 
7.0 ±0.27 (101.4) 
55 ±,0.16 
5.6 ± 0,21 (101.8) 
4.2 ± 0.15 
4.2 ± 0.09 (loao) 
Ni(ll) 
4.7 ± 0.06 
4.6 ±0.10 (97,9) 
5.7 ±0.1 
5.7 ±0.12(100.0) 
12.6 ± 0.40 
12.6 ±0.35 (100.0) 
4.9 ± 0.13 
5.0 ±0,19 (102.0) 
Cu(ll) 
12.9 ± 0.15 
12.9 ± 0.21 (100.0) 
103 ± 0.25 
10.4 ±036(100.9) 
8.2 ± 0,25 
8.2 ±0.26(100,0) 
13.0 ± 0.42 
13.1 ±042(100.8) 
Zn(ll) 
6.2 ± 0.22 
6.4 ± 0.15 (103J) 
9.9 ± 034 
9.9 ±036(100,0) 
7.7 ± 0,25 
7.7 ±0.30(100.0) 





8.8 ± a2S 
8.8x0.20(100.0) 
5.4 ±0.19 
55 ± 0,25 (101.8) 
3.2 ±0.14(100.0) 
' indicates not detected. 
' Average of five determinations. 
' Recommended procedure applied without spiking. 
' Recommended procedure after spiking (sundard addition method). 
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level (Table 7). Hence the mean values were not statistically sig-
nificant from the certified values indicating absence of bias in the 
present method. Using optimum conditions, the precision of the 
method was evaluated. Six successive sorption and elution cycles 
of 10 (i,geachofCo(ll),Ni(n).Cu(n),2n(n).andPb(ll)taken in lOOmL 
(eluted in 5 mL of 2 mol L'^ HCl) were performed following the rec-
ommended procedure. The relative standard deviations (RSD) for 
the observed values were found to be below 5%. 
The calibration curves were found to be linear over the con-
centration ranges 0.0035-0.750, 0.005-1.000, 0.0035-0.500, 
0.005-0.010. and 0.0075-1.500 ^lgmL-l for Co(ll). Ni(II), 
Cu(ll), Zn(ll) and Pb(II), respectively when the sundard solu-
tions were prepared in lOOmL The regression equations 
and correlation coefficients (r*), obtained by the method 
of least squares, were A-0.0024C+0.0008 ((^-0.9968), 
A-0.0595C+0.0042 (r^-0.9989). A-0.0834C+0.0003 
(r'-0.9979). A-0.1046C+0.0028 (r2-0.9995) and 
A-0.0173C+0.0228 (r2-0.9997) for Co(II), Ni(II). Cu(ll). Zn(ll) 
and Pb(II), respectively, where A is the absorbance and C is the 
metal ion concentration (^.g mL-'). The linearity of the calibration 
curves is apparent from the correlation coefficients (r^) which lie 
well above 0.99. 
The detection limit evaluated as three times the sUndard 
deviation (s) of the blank signal along with the mean blank 
signals (absorbance) for 15 replicate measurements were found 
to be 0.47 (0.0007), 0.45 (0.0019). 0.50 (0.0013), 0.80 (0.0021). 
1.37 (0.005) p.gL-' for Co(ll), Ni(ll), Cu(II). Zn(ll) and Pb(ll), 
respectively. 
4. Applications 
4.1. Determination o/CoO/). Ni(Il). Cu(ll). Zn(ll). and Pb(U) in 
natural water samples 
Applicability of the present method for preconcentration and 
determination of metal ions was accomplished by analyzing river, 
canal, sewage and tap water. A 500 mL of each of the sample vol-
ume was adjusted to optimum pH by adding appropriate buffer 
system and loaded on to the column of AXAD-4-HBA. The concen-
trations of metal ions were determined by following recommended 
method using FAAS (direct method). Recoveries of metal ions were 
ascertained by measuring the recovery of standard additions from 
various real water (500 mL) samples which were spiked with metal 
ions of concentrations guided by middle value of preconcentration 
limit and maximum concentration of working range of calibration 
curve of FAAS in order to ensure complete sorption and avoid dilu-
tion of the final eluate during determination. The concentrations 
reported in Table 6 as estimated by SA method are the values 
obtained by substracting the amount of metal added for spiking 
from the total metal recovered. It was found that the mean per-
centage recoveries of all the metal ions studied were 98-100% at 
95% confidence level. Table 6 illustrates the results. 
Tables 
Analysis of common caibs (Cyprinvs carpio) for metal content Experimental condi-
tions: 50 mL solution, sorption flow rate 4.5 mL min-', 0.2 g resin. 





0.112 ± 0.004 
1.211 ±0.031 
0.090 * 0.002 
0.124 ± 0.004 
0.263 ± 0.009 
2.168^0.048 
0.126 ± 0,002 
0.102 ± 0.003 
0.523 ±0.018 
2.784 ± 0.064 
0.110 ±0.003 
0.179 ±0.007 
'X± standard deviation. 
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Tables 
Determination of meta) ions in multi-vjtamin capsule, infant milk substitute and tiydrogenated oil. Experimental conditions: 50 mL 
solutioa sorption flow rate 4.S ml min~', 02 g resin. 
Swiples Reported value (iigg~') Found by proposed method 
' G M C C ' } ^ stjindaFd (jjcvfacion* 
tm rrh.iniii 1 1 1 





Cu: 395.4^:13,05. Zn: 438.6i:ae5 
Cu: 2.8±aOS. Zn: 35.8 tk 1.04 
NI: 0.4i:0X)09 
' Average of five determinations. 
4J. Analysis of metal ions in standard reference materials 
The SRMs namely NIES 2. NIES 3, NIES 5, NIES 7. NIES 8, 
JSS (800-3) and NBS 627, after digestion by tiie recommended 
procedures, were employed for the recovery studies. Proper pH 
adjustment of the solutions (50 mLeach) was made before perform-
ing the recommended column procedure. Table 7 illustrates the 
results. 
43. Analysis of multivitamin capsules, infant powdered food, 
hydrogenated oil and Cyprinus carpio 
Multivitamin capsules. IMS. hydrogenated oil and Cyprinus 
carpio were subjected to preconcentration according to the rec-
ommended column procedure after their pretreatment (digested 
in 50 mL). The results (Tables 8 and 9) show that recovery could be 
made with a good precision of RSD < 5%. 
5. Conclusion 
p-Hydroxybenzoic groups immobilized on Amberlite XAD-4 
resin can easily be used to separate heavy metal ions from aque-
ous solutions. AXAD-4-HBA has a higher sorption capacity which is 
superiorin comparison to 1-(2-pyridylazo)-2-naphthol 146,471, sal-
icylic acid (321. pyrocatechol violet (48| loaded Amberlite XAD-2; 
2-acetylmercaptophenyldiazo-aminoazobenzene (AMPDAA) (491 
and dithiocarbamates 1531 loaded Amberlite XAD-4. The relatively 
high chemical stability of AXAD-4-HBA in water, as well as the fast 
kinetics whereby heavy ions can be separated, renders this mate-
rial potentially useful for analytical purposes. The rate constant is 
higher than most of the previously reported works 146-49,51-531. 
Moreover, the use of a column preconcentration technique allows 
for the assessment of low trace metal concentrations, even by less 
sensitive determination methods such as FAAS. Preconcentration 
by this material (AXAD-4-HBA) from river water samples does not 
require any prior digestion of the samples. The preconcentration 
factor achieved with the present procedure is higher than that 
obtained with other chelating resins (28.32.46-531. Quantitative 
preconcentration of analytes could be affected even in the presence 
of common inorganic or organic matrbc components as revealed 
by the interference studies. The tolerance limits of the investigated 
foreign species are much higher than most of the reported sorbents 
(46-50). 
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Abstract A selective method has been developed 
for the determination of trace amount of metal 
ions after preconcentration on l-(2-pyridylazo)-
2-naphthol loaded Amberlite XAD-4 resin. The 
chelating resin was characterized on the basis of 
infra red spectra, thermal and chemical stability, 
and hydrogen ion capacity. High preconcentration 
factor of 160-400 up to a low preconcentration 
limit of 10 ^ ig L~' has been achieved for almost all 
the metals. The chelating resin was highly selec-
tive even in the presence of large concentrations 
of alkali and alkaline earth metals and various 
matrix components. Chromatographic separation 
of metal ions in binary mixtures has been accom-
plished. The analytical utility of the resin for metal 
ions was explored by analyzing natural water and 
standard reference materials. 
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Introduction 
With growing industrialization and urbanization, 
diversified uses of metals in varied forms have 
become significant source of pollution resulting 
in environmental deterioration. Metals constitute 
a major category of persistent, bioaccumulative, 
and toxic (PBT) chemicals that do not readily 
break down in the environment, are not easily 
metabolized, and may accumulate in human or 
ecological food-chains through consumption. A 
PBT chemical, once released to the environment, 
may present increasing long-term toxic effects 
to public health even if the release was of a 
small amount and pose a significant threat to 
public health through occupational as well as 
environmental exposures (Hayes 1989). Quan-
tification of toxic metal ions in industrial effluents, 
various water resources, environmental and bi-
ological samples is important, especially in the 
environment monitoring and assessment of en-
vironmental exposure to toxic metals. However, 
most of the toxic metal ions in real matrices are 
in very low concentrations and occur together 
with much higher concentrations of compounds 
likely to cause interferences during the analy-
sis by conventional analytical methods and even 
with frequently used sophisticated instrumental 
techniques for trace metal determination such 
as inductively coupled plasma atomic emission 
spectrometry, electrothermal atomic absorption 
Published online: 28 May 2010 Springer 
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Spectrometry, etc., without sample enrichment 
and cleanup (APHA 1989; Sung and Huang 2003; 
Sabarudin et al. 2007). SoHd-phase extraction 
(SPE) addresses these two problems. It concen-
trates the desired trace elements whereby extend-
ing the detection limits and removes interfering 
constituents, thereby improving the precision and 
accuracy of the analytical results. The main advan-
tage of this technique is the possibility of using a 
relatively simple detection system with flame at-
omization instead of a flameless technique, which 
require more expensive equipment and are usu-
ally much more sensitive to interferences from 
macro components of various natural matrices 
(Pyrzynska and Trojanowicz 1999). The use of 
chelating resin in SPE as metal ion extractants 
has turned out to be an active area of research, in 
the field of separation science in the recent years 
(Kantipuly et al. 1990; Nabi et al. 2005; Rao et al. 
2004). High surface area of hydrophobic Amber-
lite XAD resin, that also possess excellent chemi-
cal and physical stability, will retain more ligands 
because it contains relatively large number of ac-
tive aromatic sites that allow TT-TT interactions and 
thus, sorption capacity of the chelating resin will 
be improved. Its moderate porosity will hold fair 
amount of water and exhibit a good hydrophilic 
character which is crucial factor that governs the 
rate of metal ion phase transfer (Wuilloud et al. 
2000; Islam et al. 2010; Leon-Gonzalez and Perez-
Arribas2000). 
Tridentate 7V-heterocyclic azo ligand contain-
ing N atom, l-(2-pyridyIazo)-2-naphthol (PAN) 
has shown excellent complexing abiUty for heavy 
and transition metal ions and analytical appli-
cations of this ligand in the spectrophotometric 
determination of the metals are well estab-
lished (Escriche et al. 1983; Chin et al. 1992; 
Thanasarakhan et al. 2007; Afkhami and Bahram 
2004; Li etal. 1997). 
It was, therefore, thought worthwhile to pre-
pare a chelating resin of better sorption capacity 
by loading PAN on Amberlite XAD-4 (AXAD-
4) resin through surface modification and char-
acterize in a systematic manner. The resulting 
chelating resin was used for the preconcentration 
and separation of Cd(II), Zn(II), Co(II), Cu(II), 
Ni(II), Mn(II), and Pb(II) from various real ma-
trices prior to their determination by flame atomic 
absorption spectrometry (FAAS). 
Materials and methods 
Instruments 
A Perkin Elmer flame atomic absorption spec-
trometer 3100 was employed for the determi-
nation of metal ions. Operating parameters set 
for the determination of elements are given in 
Table 1. Infrared (IR) spectra were recorded 
on a FT-IR Spectrometer-Interspec 2020 using 
KBr disc method. A Shimadzu TG/DTA simulta-
neous measuring instrument—DTG-60/60H was 
used for thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA). 
Reagents and solutions 
Stock solutions of nitrate saUs of Cd(II), Zn(II), 
Co(II), Cu(II), Ni(II), Mn(II), and Pb(II) (Central 
Drug House (P) Ltd., New Delhi) at the concen-
tration of 1000 mg L-' in 1% HNO3 were stan-
dardized by complexometric titration (Welcher 
Table 1 Operating 
parameters set for FAAS 
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1958) before use. Amberlite XAD-4 resin, as 
20-60 mesh particle size with surface area of 
725 m^g"' and PAN was procured from Sigma-
Aldrich Chemie GmbH (Steinheim, Germany) 
and used without further purification. All the 
chemicals were of analytical reagent grade. 
Preparation of samples 
Natural and sewage water samples 
The water samples namely river water (the Ganga, 
Narora, India), canal water (Kasimpur, Aligarh, 
India), sewage water (local nickel electroplating 
industry, Aligarh), and tap water (University cam-
pus) were immediately filtered through Millipore 
cellulose membrane filter (0.45 \im pore size), 
acidified to pH 2 with HNO3, and stored in pre-
cleaned polyethylene bottles. 
Digestion of standard environmental, biological, 
and metal alloy samples 
A 0.5-g sample of the environmental standard 
reference material (vehicle exhaust particulates 
NIES 8) was dissolved by adding 10 mL of con-
centrated nitric acid (15.5 mol L~'), 10 mL of con-
centrated perchloric acid (12.2 mol L~') and 2 mL 
of concentrated hydrofluoric acid (22.4 mol L"') 
in a 100 mL in a Teflon beaker. The solution 
was evaporated to near dryness, redissolved in 
minimimi volume of 2% HCl, filtered and made 
up to 50 mL volume in a calibrated flask. 
The sample solutions of human hair (NIES 5), 
chlorella (NIES 3) and tea leaves (NIES 7) were 
prepared as proposed by the International Atomic 
Energy Agency (KubovS et al. 1997). A 50 mg 
sample of each of the samples was agitated with 
25 mL of acetone, and then washed three times 
with distilled water^nd, with 25, mL of acetone. 
The contact time of the cleaning medium with the 
sample was 10 min. The samples were finally dried 
for 16 h at lOO'C. Then each of the samples was 
dissolved in 10-20 mL of concentrated nitric acid. 
After adding 0.5 mL of 30% H2O2, the solution 
was boiled to dryness. The residue obtained was 
dissolved in minimum amount of 2% HCl and 
made up to a 50-mL volume in a calibrated flask. 
To dissolve the standard reference alloys, 
Rompin iron ore (JSS 800-3) and zinc base die-
casting alloy C (NBS 627)), an amount of 25 mg 
of the sample was taken into a beaker and dis-
solved in 10-50 ml of aqua regia. The solution 
was boiled to near dryness. Finally, the residue 
was dissolved in minimum volume of 2% HCl and 
filtered through a Whatman filter paper No. 1. 
The residue was washed with two 5-ml portions of 
hot 2% HCl. The aqueous layer was evaporated 
to dryness. The residue was redissolved in 5 ml of 
2% HCl and made up to 50 ml with distilled water. 
Preparation of chelating resin (AXAD-4-PAN) 
Eariier reported procedures (Hazer et al. 2009; 
Taher et al. 2004) were further modified for load-
ing PAN onto AXAD-4 resin. An amount of 
5 g of AXAD-4 resin, was pretreated with an 
ethanol-hydrochloric acid-water (2:1:1) solution 
overnight. After the pretreatment, the resin was 
subsequently rinsed with triply distilled water un-
til pH of the supernatant water became neutral 
and was packed into a column using ethanol. 
The resin was then saturated with the reagent 
by passing 0.01% PAN solution in ethanol at a 
flow rate of 0.5 mmol L~'. In order to ensure 
complete saturation, the effluent collected was 
repeatedly passed through the same column until 
the whole bed of resin gets imiformly loaded with 
PAN. Hence after, the resin was washed of any 
excess reagent with distilled water. The amount 
of PAN taken up by the resin was determined by 
measuring the absorbance of the effluent solution 
spectrophotometrically at 470 nm. 
Characterization of AXAD-4-PAN 
Stability 
- A.0.5-g-sample-of the resin was stirred in 25 mL of 
acid (0.1-5.0 mol L"' of HCl and HNO3) and al-
kaline solution (0.1-5 mol L"' of NaOH) for 48 h, 
then filtered off and washed with distilled water. 
Its resistance to chemical changes was tested by 
checking its sorption capacity. The effect of tem-
perature was investigated by subjecting the resin 
to TGA and DTA in the nitrogen atmosphere at 
heating rate of 25°C min'^ 
^ Springer 
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Hydrogen ion capacity 
For hydrogen ion capacity, an accurately weighed 
(0.5 g) resin was first treated with 2.0 mol L~' HCl 
and then filtered off, washed with distilled water 
to make it free from acid and dried at 100°C for 
6 h. The acidic form of the resin was equilibrated 
with 20.0 ml 0.1 mol L"' NaOH solution for 6 h 
at stirring condition and then the excess alkali 
was estimated with 0.1 mol L~' hydrochloric acid 
solution. 
Recommended procedure for sorption 
and desorption studies of metal ions 
Batch 'static' method 
A weighed amount of AXAD-4-PAN in Erlen-
meyer flask (100 mL) was equilibrated at shaking 
speed of 80 rpm with 50 mL of metal solution of 
suitable concentration maintained at constant pH 
at 25 ± 1°C for 2 h. The resin was filtered and 
the sorbed metal ions were desorbed by shaking 
with the appropriate solution of eluting agents and 
subsequently analyzed by FAAS. 
Column 'dynamic' method 
A sample of AXAD-4-PAN was soaked in water 
for 24 h and then poured into a glass column of 
dimensions 1 cm x 10 cm fitted with sintered disc. 
The resin bed in the column was buffered with 
5 mL of the buffer solution of pH 9.2. A solution 
of metal ions of suitable concentration was passed 
through the column at a flow rate of 2 mL min~' 
after adjusting the pH to 9.2. After the sorption 
operation, the column was washed with distilled 
water and then a certain volume of eluting agent 
was made to percolate (2 mL min"') through the 
bed of loaded resin whereby the sorbed metal 
ions get eluted and subsequently determined by 
FAAS. 
amount of PAN loaded on the resin was found to 
be 0.24 mmol g~' at the optimum pH. The resin 
was subsequently characterized by IR spectral 
data. The FT-IR spectrum of PAN has prominent 
bands at 3,437 cm"' and 1,631.12 cm"' due to 
v(O-H) and v(N=N) respectively. On the other 
hand, the FT-IR spectrum of AXAD-4-PAN also 
exhibits the same bands besides the bands that 
correspond to AXAD-4 resin alone. This supports 
the immobilizing of PAN onto AmberliteXAD-4 
resin. The broadening of the band at 3,437 cm"' 
implies the presence of intramolecular hydrogen 
bonding between the azo group and the ortho 
hydroxyl group of PAN (Kenawy et al. 2001). The 
absence of broadening of the hydroxyl band in 
the spectra of the metal-loaded resin proves the 
absence of hydrogen bonding that indicates the 
participation of -OH group in the coordination 
process. The red shifts of the two peaks namely-
OH and -N=N- by 10-15 cm"' for metal-loaded 
resin further suggest the involvement of both the 
groups in retaining the metals through chelation. 
The resin shows good chemical stability with no 
loss of capacity up to 5 mol L~' of all acids used for 
stripping of metal ions. It can withstand alkahne 
medium up to 4 mol L~'. At concentrations higher 
than 5 mol L~' of NaOH, the sorption capacity 
was reduced by 3.5%. According to thermogravi-
metric analysis, the resin was found to be stable up 
to 200°C with no significant loss of weight other 
than the loss due to sorbed water. Weight loss 
of 1.49% at 252.21°C and 12.25% at 359.79°C in 
TGA which were supported by an endothermic 
and exothermic peak, respectively, in the DTA 
curve indicates the degradation of PAN reagent 
of the chelating resin. The hydrogen ion capacity 
was found to be 0.48 mmol g"', which further 
supports the fact that 0.24 mmol g~' of the reagent 
comprising of two replaceable hydrogen ions per 
molecule (contributed by the hydroxyl and the 
protonated pyridine moiety) was adsorbed. 
Results and discussion 
Characterization of AXAD-4-PAN 
The optimum pH for loading of PAN on Am-
berlite XAD-4 was observed at pH 5.5-6.5. The 
Optimum experimental parameters 
In order to optimize sorption of metal ions, the 
multivariate approach was followed to establish 
all the parameters. Each optimum condition was 
established by varying one of them and following 
the recommended procedure. 
^ Springer 
Environ Monit Assess 
Effect ofpHfor metal ion uptake 
Optimum pH of metal ion uptake was detennined 
by static method. Excess of each metal ion (50 mL, 
100 ng mL"') was shaken with 300 mg of resin 
for 120 min. The pH of metal ion solution was 
adjusted prior to equilibration over a range of pH 
2-10 with the corresponding buffer system. The 
effect of pH on the sorption of metal ions on 
AXAD-4-PAN is shown in Fig. 1. As the complex 
formation is strongly pH-dependent, careful ad-
justment of proper pH for the reagent was neces-
sary. The nitrogen of the heterocyclic ring of PAN 
gets protonated at lower pH while the phenolic 
OH group dissociates in the alkaline region. Due 
to this fact, the reagent has sufficient solubility 
both in acidic and alkaline solution and reacts with 
the metal ions under slightly alkaline condition to 
form a stable complex. All the metal ions studied 
exhibited higher sorption capacity (Table 2) in the 
pH range 8.5-9.5. Hence, pH 9.2 was adjusted in 
all further experiments. 
Sorption kinetics and loading halftime 
The rate of loading of metal ions on the resin 
was determined by static method. Fifty microUters 
of each metal ion solution (100 \ig mL"') was 
shaken with 300 mg of the resin in a thermo-
Table 2 Kinetics and batch capacity of sorption of metal 
ions on AXAD-PAN (experimental conditions:50 mL 








































Stat shaker for pre-selected intervals of time. The 
loading halftime, (1/2, that is, the time required to 
reach 50% of the resins total loading capacity was 
evaluated from the resulting isotherm. From the 
kinetics of sorption for each metal (Fig. 2), it was 
observed that 60 min was enough for the sorbent 
to reach the saturation level for all the metals. The 
sorption rate constant k can be calculated using 
the following equation (Pramanik et al. 2006): 
-In (1 - F) = kt, where F= Q,/Q and Q, is the 
sorption amount at sorption time t and Q the 
sorption amount at equilibrium. Putting the value 
of Q, at ti/2 in the above equation we may get 
the corresponding value of k for every metal ion 
(Table 2). 
Fig. 1 Dependence of sorption capacity on the pH of 
the solution (experimental conditions 50 mL solution, 
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big. 2 Rate of sorption of metal ions by AXAD-4-PAN 
(experimental conditions 50 mL solution, pH 9.2, 0.3 g of 
resin) 
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Effect of resin amount on the sorption capacity 
To investigate the effect of the amount of the resin 
on the sorption of metal ions, an excess of the 
metal ion solution corresponding tol50 |xg niL~' 
was equilibrated with varying amounts of resin 
buffered at pH 9.2. The retention of the metal ions 
per gram of the resin increased with the increase 
in the amount of the resin. An almost constant and 
maximum sorption capacity was observed after 
300 mg of the resin. 
Effect of flow rate for sorption and elation 
The effect of flow rate on the sorption was studied 
by varying the flow rate from 1-8 mL min~' using 
column method. During the sorption studies, it 
was observed that at a flow rate greater than 
3 mL min~' there was an appreciable reduction in 
the exchange capacity of almost all the metals by 
10-15%. Hence, the optimum flow rate was taken 
to be 2.0 mL min~' for all the dynamic studies. 
This decrease in sorption with increasing flow 
rate may be due to the decrease in equilibration 
time between two phases. In the elution studies, 
quantitative recovery of the sorbed metals from 
the resin could be achieved up to a flow rate of 
2mLmin~'. 
Types of elating agents and chromatographic 
separation 
In order to investigate the most efficient eluting 
agent, varying concentrations of different volumes 
of mineral and organic acids such as HNO3, HCl, 
H2SO4, perchloric, formic, and acetic acid were 
tried as depicted in Table 3. Distilled water was 
found to be unsuitable for the purpose of elu-
tion as <0.5% recovery was achieved indicating 
that the metal ions were retained by the resin 
by some strong bonding forces. Perchloric acid of 
2 mol L~' was found to give >97% recovery of 
Cu(II) and Ni(II) with 5 and 2.5 mL, respectively, 
while 2 mol L"' HNO3 could give >98% recovery 
of Zn(II) and Co(II) with 5 mL. Among the min-
eral acids, 2.5 mL of 0.5 mol L"' H2SO4 was found 
to be the best eluent for 100% elution of Cd(II), 
Pb(II), and Mn(II). Organic acids proved to be 
unsuitable (<89%) for the stripping of any of the 
metal ions studied. The behavior of these eluting 
agents for different metal ions may be interpreted 
on the basis of the HSAB principle and stability 
constants (Sen and Mingos 1993; Bjerrum et al. 
1958). Species like SOj'^, S04~^ (contributed by 
H2SO4),NO2",NOj" (contributedby HNO3), and 
ClO^" (contributed by HCIO4) act as Lewis bases 
that bind with the metal ions as stable complexes. 
Thus, the metal ions bound at the chelating sites 











































































































































Environ Monit Assess 
get released. Hence, the relative preference of 
these species may be the result of hard-hard and 
soft-soft interactions of acids and bases. The rela-
tive hardness or softness of the metal ions depends 
on their characteristics in the chelated form. 
The variation of eluting agents for stripping of 
the studied metal ions has been exploited to ac-
complish the separation of several binary mixtures 
of metal ions as illustrated in Table 4. For this pur-
pose, a series of 100 mCof solutions containing bi-
nary mixtures of the metal ions (100 ^g each) were 
passed through the column packed with 0.3 g of 
the resin. Separation was done by eluting sorbed 
metal ions with different eluting agents. The se-
lectivity factor (Table 4) of each of the binary 
Table 4 Separation of binary mixtures by elution tech-
nique and the corresponding selectivity factors for each 
couple (experimental conditions: 100 mL solution, 100 ^ g 
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mixtures was evaluated from the ratios of their 
distribution coefficients (Amara and Kerdjoudj 
2003) in order to indicate the relative preference 
for one metal over other for each couple of met-
al ions. 
Resin reusability test 
The reusability of the resin was tested by loading 
the metal ions several times on a column from a 
solution having a concentration 50 ^g mL~' at a 
flow rate of 2 mL min~' and eluting by the ap-
propriate eluting agent. The sorbent can be used 
for more than 35 times in succession without any 
appreciable loss in the sorption efficiency. After 
the resin had been used for 40 cycles, the sorption 
capacity got reduced by 5%. 
Study of interferences 
Since the present work deals with the determina-
tion of levels of trace metal ions of the natural 
waters, the influences of possible matrix ions in 
the environmental samples were examined. The 
effect of cations and anions, which are the main 
constituents of natural waters, namely citrate, ox-
alate, tartrate, besides (NOs)^-, (COs)^", (NH4)+, 
S04^-, PO/- , CI", K+ and Na+, in the form of 
their respective salts, on the sorption of the metal 
ions by AXAD-4-PAN resin was studied. For 
every combination of one of these electrolytes 
with each metal ion, a set of binary mixtures con-
taining 25 \ig of each metal ion in 100 mL and the 
electrolytes at different concentration levels was 
taken. Dynamic method was employed for these 
studies. The tolerated amounts of each matrix ion, 
for the preconcentration of trace metal ions, were 
the concentration values tested that caused the 
lowering of recovery by more than 3%. It was 
found that the common ions coexisting in natural 
waters do not interfere under the experimental 
conditions (Table 5). 
Preconcentration factor and breakthrough 
capacity 
The limit of preconcentration was determined by 
increasing the volume of metal ion solution and 
keeping the total amount of loaded metal ion 
Springer 
Environ Monit Assess 
Tables Tolerance limit 
of foreign species 
(in binary mixtures) 
on sorption of metal ions 
(experimental conditions: 
100 mL solution, pH 9.2, 
2S ^g of each metal ion, 



































































































constant at 10 ng. The breakthrough volume cor-
responds to the volume at which the effluent con-
centration of metal ions from the column is about 
3-5% of the influent concentration. The break-
through volume was determined by the dynamic 
procedure. The overall capacity, breakthrough ca-
pacity and the degree of utilization was deter-
mined by the literature method (Helfferich 1962). 
Figure 3 gives the breakthrough curves for all the 
metal studied. The overall sorption capacity calcu-
lated on the basis of total saturation volume was 
compared with the corresponding breakthrough 
capacities for each metal. The closeness of the 
dynamic capacity to the total sorption capacity 
reflects the applicability of the column technique 
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Fig. 3 Breakthrough curves for sorption of metal ions: 
C/Co is the concentration ratio of the effluent to 
influent (column parameters: pH 9.2, sorption flow rate 
2 mL min~', 0.5 g of resin) 
fl Springer 
metal ions was possible from solutions of concen-
tration in the order of 10-12.5 M-g L~' with a re-
covery up to 98% resulting in a preconcentration 
factor of 160-400 (Table 6). 
Method validation and applications 
Prior to analysis of real water samples, validation 
of the method was performed by analyzing stan-
dard reference materials and recoveries of trace 
metals after spiking. In order to test the accu-
racy of the method, 50 mL of pretreated environ-
mental (vehicle exhaust particulates), biological 
(human hair and tea leaves) and alloys (Rompin 
hematite and zinc base die-casting alloy C) stan-
dard reference material samples were analyzed 
by recommended column method after adjusting 
its pH to 9.2. The mean concentration values 
of the metals studied agreed with the certified 
values. Calculated Student's t (t test) values for 
respective metal ions were found to be less than 
critical Student's t values at the 95% coafidence 
level (Table 7). Hence, the mean valu§» were not 
statistically significant from the cerfi^^ values 
indicating absence of bias in the present method. 
Analytical recoveries of metal ions were ascer-
tained by measuring the recovery of standard ad-
ditions (S.A.) from various real water (500 mL) 
samples which were spiked with Cd(II), Co(II), 
Ni(II), Mn(II), Zn(II), Pb(II), and Cu(II) of con-
centrations 12, 80, 55, 25, 10, 80, and 56 ug L"', 
respectively. These concentrations were guided 
by middle value of preconcentration hmit and 
maximum concentration of working range of 
Environ Monit Assess 
Table 6 Preconcentration and breakthrough profiles of metal ions on AXAD-PAN (column parameters: pH 























































































Table 7 Analysis of metal ions in standard reference materials (column parameters: pH 9.2, sorption flow rate 4 raL min" 
elution flow rate 2 mL min"', 0.3 g of resin) 
Samples Certified value 
(itgg"') 
Found by proposed method 
(Vigg-')' ^ _ _ 
Calculated student's 
r value'' 
Vehicle exhaust particulates 
NIES8= 
Human hair NIES 5 
Tea leaves NIES 7 
Chlorella NIES 3 
Rompin hematite, 
JSS (80a-3)<» 
Zinc base die-casting 
alloy CNBS 627' 
Cd: 1.1, Pb: 219, 
Co: 3.3, Cu: 67, 
Ni: 18.5 
Mn: 5.2, Zn: 169, 
Cu: 16.3, Ni: 1.8, 
Pb:6.0 
Mn: 700, Zn: 33, 
Cu: 7.0, Ni: 6.5 
Zn: 20.5,Cu:3.5, 
Co: 0.87,Pb: 0.60 
Mn: 2200, Cu: 640, 
Zn: 1030, Pb: 210 
Cu: 1320, Pb: 82, 
Cd:51,Mn:140, 
Ni:29 
Cd: 1.04 (4.80), Pb: 215.00 (2.00), 
Co: 3.17 (3.50), Cu: 68.00 (2.70), 
Ni: 18.80 (4.80) 
Mn: 5.10 (2.50), Zn: 167.00 (2.10), 
Cu: 16.30 (3.20), Ni: 1.74 (4.20), 
Pb: 6.10 (3.70) 
Mn: 699.00 (6.64), Zn: 31.94 (2.90), 
Cu: 6.75 (3.80),Ni: 6.40 (2.20) 
Zn: 19.89 (3.5), Cu: 3.42 (4.3), 
Co: 0.86(1.6), Pb: 0.58 (4.8) 
Mn: 2197.00 (1.50), Cu: 638.00 (2.60), 
Zn: 1027.00 (2.8), Pb: 209.00 (2.90) 
Cu: 1318.00 (1.60), Pb: 81.58 (1.80), 
Cd: 51.58 (2.80), Mn: 138.95 (4.60), 













^Relative standard deviation, n = 5 
''At 95% confidence level 
^National Institute of Environmental Studies (NIES) 
••iron and Steel Institute of Japan (JSS) 
'National Bureau of Standards (NBS) 
Table 8 Determination of metal ions in natural waters collected from various locations after preconcentration by AXAD-
4-PAN column (column parameters: pH 9.2, sorption flow rate 2 mL min"', 0.5 g resin) 
Samples Method Metal ion found by proposed method ^g L~' (RSD)^ 
Cd(ll) Co(II) Ni(II) Mn(II) Zn(ll) Pb(II) Cu(ll) 
Canal water Direct N.D.'' 3.3(3.4) 3.4(2.2) 4.6(3.5) 5.2(2.9) 3.3(4.6) 
(Kasimpur,U.P., India) S.A= 1.7(3.9) 3.1(2.8) 3.5(2.4) 4.5(3.5) 5.5(2.8) 3.5(4.1) 
Tap water Direct N.D.'' 6.9(2.5) 5.5(2.1) 11.3(4.1) 17.4(3.1) 12.7(4.9) 
(University Campus, Aligarh) S.A. 1.5(4.8) 7.0(2.9) 5.4(2.2) 11,4(3.7) 16.7(3.2) 12.5(3.3) 
Sewage water (Ni plating Direct 3.6(1.8) 5.1(3.9) 12.4(3.0) 5.9(2.8) 7.1(4.2) 6.0(4.6) 
industrial area, Aligarh, India) S.A. 3.6(1.9) 5.2(4.7) 12.6(3.2) 5.7(2.6) 7.1(4.4) 6.3(4.5) 
River water Direct 2.5(2.4) 3.1(3.3) 3.9(2.5) 4.5(4.2) 4.1(4.3) 3.2(2.1) 









"Relative standard deviation, n = 3 
"'Not detected 
'^Standard addition method 
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calibration curve of FAAS for each metal ion 
in order to ensure complete sorption and avoid 
dilution of the final eluate during determination. 
It was found that the mean percentage recoveries 
of all the metal ions studied were 98.8-100.2% 
at 95% confidence level. The detection limits for 
FAAS were calculated as the concentration cor-
responding to the signal equal to three times the 
standard deviation of the mean blank signal for 
20 determinations of the blank (including buffer) 
and were found to be 0.09, 0.54, 1.30, 0.20, 0.28, 
1.10 and 0.42 t^g L"' for Cd(II), Co(n), Ni(II), 
Mn(II), Zn(II), Pb(II), and Cu(II), respectively. 
Precision of the proposed method is reflected 
by low relative standard deviation (<5%) in the 
analysis of SRMs as well as various water samples 
(Tables 6 and 7). Applicability of the present 
method for preconcentration and determination 
of metal ions was accomplished by analyzing river, 
canal, sewage, and tap water. A 500 mL of each of 
the sample volume was adjusted to pH of 9.2 by 
adding 5 ml of ammonia buffer and loaded on to 
the column of AXAD-4-PAN. The concentrations 
of metal ions were determined by following rec-
ommended method using FAAS (direct method). 
The metal determinations were also confirmed 
using the S.A. method. The closeness of results 
of direct and S.A. method (Table 8) indicates 
the reliability of the present method for metal 
analyses in water samples of various matrices. 
Conclusion 
The chelating ability of chromogenic ligand, PAN, 
has been utilized in developing chelating sorbents 
for the purpose of separation and preconcentra-
tion of trace metal ions. To assess the credibility of 
the present work a comparative data from previ-
ous works on preconcentration studies using PAN 
are summarized in Table 9. The results reflect 
its promising nature for trace metal ion analysis 
in various natural water resources, environmental 
and biological samples. The main advantages of 
this procedure are: the simple and fast prepara-
tion of the chelating resin and no requirement of 
organic solvents in the metal elution step. More-
over, this resin is applicable to quantitative chro-
matographic separation of metal ions in binary 
mixtures. Comparison of sorption capacities and 
preconcentration factor of metal ions on PAN-
functionalized resinwith different polymeric sup-
port showed that AXAD-4-PAN surface modified 
resin has greater value of sorption capacity and 
preconcentrationfactor. This method shows rela-
tively higher tolerance for common matrix ions 
except for KNO3 and NaCl for Ni(II) (Ferreira 
et al. 1999). The detection limit for all the metals 
was found to be lower than previously reported 
sorbent modified with PAN except for Cd(II) 
(Yebra et al. 2001). Breakthrough studies has 
also been presented and found to be suitable for 
column operation. The reusability of the present 
method is comparable with other works. 
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